tiilililli 



r 



CITY OF OXFORD EDUCATION 
COMMITTEE 

LIBRARY 

OXFORD 

COLLFGE OF TECHNOLOGY 

















ISSUE LABEL 

DURATION OF LOAN-Not later than the latest 
date stamped below. 

i;.MAY93S 

15. JAN 1971 


d 

25. JAN. 1971 


24.MAY,96G 

k MAR. 1971 

kw/^L6 


“ JLL ..j 



■: .IIL'G'G 

2^'. tiJiy 

FfW 


-2.DrC.195B 




1 


-1.FEB.19S3 1 




STACK 



■2 m m- 


SL3lRLe 



10, FEB. 199 

1 

1-^2 IK 



bdLcic, 

23.NCV i| 

99 




00 


telepen 

































■feTOOlCTAlClNQ 1972 


ADMIRALTY MANUAL 
OF HYDROGRAPHIC 

SURVEYING STOCKTAKING 1977 


Crown Copyright Reserved 




LONDON 

PUBLISHED by the HYDROGRAPHIC DEPARTMENT, ADMIRALTY 
To be obtained from Agents for the Sale of Admiralty Charts. 

1938 

Revised 1948 
Reprinted 1963 
Price £2. 5s. Od. net 








Preface to the Second Edition 


The necessity of reprinting the " Admiralty Manual of Hydrographic 
Surveying ” has provided the opportunity for adding chapters on Grids, 
Surveying from Air Photographs, and Reproduction and Printing of Charts. 

The chapter on Surveying from Air Photographs is very condensed and deals 
only with methods of plotting topography from air photographs, using such 
simple equipment as may be found in H.M. Surveying Ships; it borrows 
largely from " A Simple Method of Surveying from Air Photographs,” by 
Lieutenant J. S. Salt, R.E., to which further reference should be made. For a 
fuller exposition of the whole subject, " Air Photography applied to Surveying,” 
by Major C. A. Hart, R.E., and “ Surveying from Air Photographs,” by 
Captain M. Hotine, R.E., should be consulted. 

All the text has been revised and, in a few cases, entirely re-written ; notably 
the brief section on the Nature of the Ocean Bottom, which has been brought 
into hne with the comprehensive study of marine sedimentation given in 
” The Oceans ” (Sverdrup, Johnson and Fleming, Prentice-Hall Inc., New 
York, 1942) ; to which further reference should be made. 

The Tables have been revised and several additions have been made ; 
Table IV of the First Edition, containing values in feet of one second of arc 
measured along parallels of latitude has, however, been omitted since these 
values may be easily calculated from columns 4 and 6 of the enlarged Table HI. 

The notation used throughout the volume (see page x) has been altered to 
conform more generally with common geodetical and astronomical practice; 
the most radical change being the use of the symbols ^ and <o for latitude and 
longitude (instead of the X and L used in the First Edition). 


A. G. N. WYATT, 

Rear Admiral, and Hydrographer 
of the Navy. 
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Extract from Preface to the First Edition 


The " Admiralty Manual of Hydrographic Surveying ” has been written to 
provide a text book in which modem methods of hydrographic surveying ^d 
bstmments are described. In order to keep the size of the volume wthin 
reasonable compass, it has been necessary to refer the reader to other publu^- 
tions for more detailed information on certain subjects which by their import¬ 
ance or complexity require separate study for a proper exposition. In pM- 
ticular, mention is made of the following subjects and publications which the 
reader may consult:— 

Tides and Tidal Streams—" Admiralty Tide Tables, Part III,”* and the 
" Admiralty Manual of Tides.” 


This manual has been prepared for publication by Commander R. M. 
Southern, Royal Navy, and in its compilation it has been assumed that the 
reader is acquainted with the general principles and practice of Navigation- 
such knowledge is, indeed, essential before a proper understandmg of me 
methods and processes of hydrographic surveying can be acqmred. For this 
reason subjects such as astronomical observations at sea, are only (hscussed 
in so far as ordinary navigational practice is modified to fulfil the requirements 
of the hydrographic surveyor, and reference to ordinary navigational instru¬ 
ments, e.g. the sextant and chronometer, is ciurtailed to a minimum. 

That part of Chapter XVI dealing with the Least Square Method of treating 
astrolabe observations has been written by Mr. T. J. Richmond, and the whole 
of Chapter XXII by Mr. G. R. Hayes, both of the Hydrographic Department, 
Admiralty. 

Acknowledgment is due to Messrs. Cooke, Troughton & Simms Ltd. of 
York and London, for the loan of blocks illustrating the Tavistock th^ohte, 
and to Messrs. Henry Hughes & Son, Ltd., of London, for the loan of photo¬ 
graphs illustrating the Wollaston current meter. 

Also to the Controller, His Majesty’s Stationery Office, for permission to 
reproduce Tables V, VII, X and XH from Close’s " Text Book of Topograplural 
Surveying ” and to Messrs. John Murray for permission to reproduce Tables 
XIII XVI and XVIH from Wharton and Field’s “ Hydrographical Surveymg. 


• Shortly to be republished under the title " Admiralty Handbook of Tidal Prediction 
and Analysis for Seamen." 
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O Origin of rectangular co-ordinates 
RO Referring object 
S South 
W West 


Astronomic notation 
E East 

H Altitude of heavenly body 
N North 
S South 
W West 


a Semi-major axis of spheroid 
b Semi-minor axis of spheroid 
f Compression 
h Height of a station 
p Polar distance 
r Mean radius of spheroid 
s Distance between two points 
x Eastings of rectangular co-ordinates 
y Northings of rectangular co-ordinates 


h Hour angle 
n a number 
p Polar distance 
t Clock time 
V a residual 
z Zenith distance 


a Azimuth 

A, <x or 7 Convergency of meridians 
A difference 

7) Ordinate of curvature of a parallel 
V Radius of curvature at right angles to 
the meridian 

TT 3.141592653 .. 

p Radius of curvature in the meridian 
<f) Latitude 
<o Longitude 


a Azimuth 
8 DecUnation 
A difference 
^ or Latitude 
D or <a Longitude 


Suffixes 

a assumed, as ta,—assumed Longitude 
m mean, as —^mean Longitude 

o origin, as —Longitude of origin 







Chap. I 


CHAPTER I 


INTRODUCTION 

The science of Hydrography originated in the need for the production of 
maps specially designed for the use of the mariner. Nothing has been of more 
importance to the foundation and expansion of sea-borne trade among the 
nations than the production of the charts which represent the results of the 
hydrographic surveyor’s work. 

The seafarer has been provided with hydrographic information of some 
description for many centuries. Early Greek and Roman writers do not allude 
to the existence of charts in their day, but descriptions of the Mediterranean 
coasts, evidently for the seaman’s use, were published in the years before 
Christ and are still extant; it is possible that these were intended to be used 
in conjunction with maps now no longer in existence. The compass was applied 
to nautical use as early as the twelfth century, and from that time onwards 
voyages became longer and the need of special types of maps for nautical 
purposes more essential. Charts were drawn in Italy in the fourteenth century ; 
these were of the loxodromic type, being covered with loxodromes (or rhumb 
lines) radiating from a number of points and extending all over the map. At 
that time there were no very fixed ideas as to the shape of the earth and charts 
I were not drawn on any projection which could represent more than a small 
I part of the earth’s surface with any degree of accuracy. The cartographers of 
those days endeavoured to show the various known parts of the land in some 
approximately true relation to each other: soundings were not given though 
sometimes shallows might be indicated, and small islands and points were 
usually exaggerated out of their true proportions. 

Charts were first printed towards the end of the fifteenth century and 
were being engraved on copper by 1560. Nine years later Mercator published 
his well-known “ Universal Map ” of the world, the first real attempt to 
produce a map on a mathematical projection. In the following centuries a 
great number of charts of a private or semi-official character were produced. 
These were usually accompanied by written Sailing Directions and in most 
cases were remarkably inaccurate though the titles and letterpress did not 
hesitate to extol their merits. They were, of course, based on very sketchy 
; and imperfect information, the results of mariners’ observations on voyages 
/ of commerce and exploration. By the middle of the seventeenth century 
the Dutch were publishing charts under Government authority and in 
1720 the French also established for this purpose a central chart office in 
Paris. The exploratory voyages of Cook, Vancouver and many others soon 
provided a wealth of hydrographic information and material on which the 
publication of more dependable charts could be based. Towards the end of 
the eighteenth century this material had accumulated to such an extent at the 
Admiralty that in 1795 the Hydrographic Department was founded “ to take 
charge and custody of such plans and charts as then were, or should thereafter 
be, deposited in the Admiralty, and to select and compile such information 
as might apjiear to be requisite for the purpose of improving navigation.” 
Little systematic surveying, as such, had been attempted up to this time, 
hydrographic work being merely an ancillary part of ships’ instructions when 
they were engaged on voyages of exploration or other nature. In 1801, 
however. Captain Flinders on sailing for Australia received supplementary 
instructions regarding his work from the Hydrographer and this may be 
said to have constituted a precedent for the organisation of systematic marine 
surveys. 
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During the nineteenth century nearly every civilised maritime country 
founded a department for the sole purpose of dealing with the issue and 
publication of charts and for the co-ordination and execution of marine surveys, 
and immense progress has been achieved in the production of charts. As long 
as people and goods continue to be carried by sea, hydrographic work must 
continue, for even to-day only a comparatively small proportion of the seas 
is adequately charted and constant changes in the sea-bed and coasts in many 
parts of the world necessitate frequent revision of existing work. Furthermore, 
the increasing size and draught of ships and the commercial importance of 
speedy voyages now require far more exacting standards of work than were 
contemplated in years past. Hydrographic data on many of the present-day 
charts still depend on work done by vessels under sail, equipped with out-of- 
date instruments and incapable of carrying out a detailed and accurate survey. 
The need for charts was so urgent in the last century that until perhaps fifty- 
or sixty years ago the hydrographic surveyor was sometimes obliged to 
subordinate completeness and accuracy to speed, for almost any chart is better 
than none at all. Although by modern standards many of the charts of those 
days are sketchy and incomplete, the reputation of our naval surveyors was 
second to none in the volume of work which they produced, and the accuracy of 
this work, often done in the face of great difficulties, has stood the test of time. 

The Surveyor’s Work. —The work of the hydrographic surveyor includes 
many branches of the science of hydrology and is of constant interest. No 
two surveys are precisely similar in character and new problems to test the 
surveyor’s skill and ingenuity are constantly being presented. The work in the 
field is of an arduous and often trying nature, but, unlike many other occupations 
in life, it results in a tangible and permanent record of the surveyor’s labours 
and is often subsequently of historical interest. Moreover, the information 
which he gathers is essential for the furtherance of the scientific knowledge of 
the world in which we live. The hydrographic surveyor must possess some 
knowledge of algebra and trigonometry, but the mathematical processes, with 
which he has to deal, are not of a very abstruse character. Some aptitude for 
draughtsmanship is to be desired, but experience has shown that a sufficiently 
high standard can usually be acquired without much difficulty. The principal 
qualifications, perhaps, of an efficient surveyor are unlimited capacity for 
taking pains and conscientious devotion to accuracy of detail in his work, 
coupled with a methodical and orderly mind. The standards set in these 
respects by hydrographic surveyors of previous years are an example for all 
time. In these days, when the great majority of surveys must be of the most 
complete and detailed character, it is necessary to lavish every care on the 
smallest detail of the work in order that the accuracy of the final result may 
be beyond question. The printed word has a powerful influence over the human 
mind and the printed chart just as much so. It may be said that in general the 
mariner places boundless confidence in the published chart and almost invaria¬ 
bly assumes that, where no dangers are shown, none in fact exists, and it is 
the surveyor’s business to see that this trust is not misplaced. The introduction 
of steam vessels was an epoch-making event in the progress of hydrography. 
For the first time it became possible to carry out detailed surveys of large areas 
of the ocean. Modem inventions, in particular echo sounding, have increased 
the speed and accuracy of marine surveys to a notable extent, and our know¬ 
ledge of the earth’s features below the surface of the sea is being extended with 
great rapidity. These inventions have also relieved to a great extent physical 
exertion in the field, and sounding under oars and the use of the hand lead will 
soon be memories of the past. 


General 

Projection.— A chart represents on a reduced scale the positions of various 
physical features of some portion of the earth’s surface. For convenience in use 
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and construction, charts must be drawn on plane surfaces, i.e., flat sheets of paper, 
and the cartographer is confronted with the problem of “ projecting ” on to 
a plane the positions of objects which in nature lie on the surface of a sphere. 
It is impossible to make a flat sheet of paper touch the surface of a sphere at 
more than one point and, even if the paper is bent (not creased), it can only 
make contact along a selected line. It follows from this that a truly accurate 
representation on a flat sheet of paper of the positions of objects on the earth’s 
surface is not possible. When dealing with small areas, however, such as 
those embraced by charts of harbours or coastal sheets of moderate extent, 
the errors of any sound method of projection will be so small that relative 
bearings and distances are reproduced with all measurable precision on the 
paper. When larger areas are considered, as in charts showing whole seas or 
oceans, distortion of the true shape of the earth’s physical features is inevitable, 
but by the choice of a suitable projection particular features of value to the 
purpose in view may be accurately represented whilst others of lesser import¬ 
ance are not unduly distorted. Small scale charts covering large portions of the 
earth’s surface are the product of collating the results of a number of small 
surveys and consequently the types of projection employed and their errors 
are matters of importance, but the problems involved in fitting the various 
surveys together are rather the concern of the cartographer than of the 
hydrographic surveyor. 

The positions of points on the earth’s surface are usually defined in terms 
of their geographical co-ordinates, latitude being measured north or south of 
the equator and longitude east or west from the meridian of Greenwich. No 
chart, except possibly a plan of a very small area, can be called complete unless 
it is “ graduated ” in latitude and longitude in order that the geographical 
position of any point may be readily seen. Once out of sight of land the mariner 
defines his position in terms of latitude and longitude and a graduated chart 
is essential to him for plotting his position relative to the land and for finding 
his way from port to port. An orderly arrangement of meridians and parallels 
correctly disposed in relation to the physical features represented on the chart, 
is a natural and essential feature of any map projection. 

The number of projections on which a chart may be drawn is legion, but 
two which have properties of special value to the mariner may be mentioned 
here ; these are the Mercator and gnomonic. The Mercator projection was 
invented in 1569 and is still used extensively for maps and charts of various 
types, embracing large areas. It is a cylindrical projection on which the 
meridians are straight and equidistant parallel lines and the parallels are 
straight lines at right angles to them but whose distance apart varies with the 
latitude, increasing towards the poles. It has certain mechanical advantages 
in construction and its special property is that loxodromes or rhumb lines 
(lines of constant course) are represented by straight lines, and this is a great 
convenience to the mariner. In high latitudes this projection cannot be used 
in its normal form owing to the great distortion introduced. For charts of the 
polar regions, for those of large oceans where great circle passages may be 
made, and for many charts of small areas the gnomonic projection has been 
largely used. It is a projection of the zenithal type and is formed by 
projecting from the centre of the sphere onto a plane in contact with 
the surface at some particular point. The special property of the gnomonic 
projection of value to seamen is that all lines of sight (which are also 
parts of great circles) are represented by straight lines. This feature is a 
convenience in enabling bearings, whether visual or wireless, to be plotted 
as straight lines, and in determining the shortest route between any two 
points. The scale on this projection is not constant and increases from 
the centre of the sheet outwards, but for small areas, up to, say, 60 miles 
square, there is no measurable variation in it on any single sheet which can 
be constructed. 
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Scale.—The first consideration, when a marine survey is to be made, is to 
decide on the scale, i.e., the proportion to be maintained between actual 
distances on the earth’s surface and those distances as represented on the chart. 
Obviously, the larger the scale adopted, the more detail will it be possible to 
show on the chart. Harbours and important anchorages must therefore be 
surveyed on very large scales in order that the maximum amount of detail 
may be clearly incorporated in the final drawing and that the survey may be 
as complete as possible. Practical considerations of time and expense necessi¬ 
tate the use of smaller scales for coastal sheets and those of more open waters. 
British Admiralty charts are now generally produced from surveys on certain 
standard scales, var3dng from 1/2,500 (nearly 30 inches to the nautical mile) 
to 1/12,500 for harbour surveys, and from 1/25,000 to 1/120,000 (about 3 inches 
and 0-6 of an inch respectively to the nautical mile) for surveys of harbour 
approaches and coastal sheets. 

Usually the surveyor receives instructions as to the scale he is to use for 
any particular survey, but, in the absence of these, he must be guided by the 
nature and importance of the area he is going to survey. Supposing, for 
instance, a surv'ey has to be made of a navigable river some 200 yards broad. 
It is unlikely that the shipping channel and dangers could be clearly shown 
unless this distance of 200 yards is represented by a length of at least an inch 
on the chart and it will therefore be necessary to survey on a scale of at least 
10 inches to the nautical mile. The more intricate the channel the larger must 
be the scale of the survey in order that it may be clearly shown. Again, open 
coastal surveys would generally be undertaken on a scale of about 1^ inches 
to the imle, but if an important shipping channel existed within the survey 
area or if it was known or suspected to be very irregular in depth and to be 
strewn with numbers of small isolated rocks and dangers, it would be difficult, 
if not impossible, to carry out a sufficiently detailed examination on such a 
small scale, and it might be necessary to double or even quadruple the scale 
in order to ensure that no dangers remained undetected. Lines of soundings 
may be run very close together over the ground, but in practice their distance 
apart is controlled by the ability to plot them and show the soundings clearly. 
The normal procedure is to run lines of soundings l/5th of an inch apart on 
the plotted sheet; naturally, their actual distance apart over the ground 
depends on the scale adopted. For instance, on a scale of 1/12,500, or about 
6 inches to the nautical mile, the lines will be actually about 70 yards apart, 
whilst on a scale of 1/50,000, or about 1| inches to the mile, they will be nearly 
270 yards apart. Obviously, the examination of the ground can be much 
more complete on the 1/12,500 scale and the probability of detecting a danger 
will be correspondingly greater. A final consideration in deciding the scale 
must ^ the ability to plot the work within the limits of the plotting table 
and with the instruments and paper provided. 

Triangulation.—The surveyor’s first step in the field is to fix the number of 
marks, known as trigonometrical stations, which will provide control points for 
the survey. These marks must be plotted on the chart in the same relative position 
that they occupy on the earth’s surface thus providing a fixed framework by 
which every detail in the survey may be accurately located. The survey will 
be plotted on some predetermined scale and it is therefore necessary that the 
distances between the various trigonometrical stations should be calculated. 
If, for instance, the survey was to be carried out on a scale of 1/25,000, two 
stations 1,000 feet apart would be plotted exactly l/26th of a foot, or 
0-48 inches, from each other on the sheet. In general, the precise measurement 
of the distance between points on the earth’s surface is a matter of some 
difficulty and it would be impossible to make direct measurements between all 
the various points of the framework. If, however, the distance between any 
two of the stations can be found and if horizontal angular measurements are 
made from these to other stations in their vicinity and thence to the remainder. 
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thereby connecting all the points of the framework by a system of triangles 
it is possible to calculate the distances between all other points in the suiwey! 
In the absence, therefore, of any known trigonometrical data it will be necessary 
to measure a " base,” the distance between two selected stations or points 
which are marked in a convenient position where the measurement can be 
carried out over ground as level and free from obstruction as possible. The 
ends of the base are then connected to other selected stations by observing 
horizontal angles to and from them, and these in their turn are similarly con¬ 
nected to the remainder, by observing angles between all that are interAusible. 
The result will be to provide a system of geometrical figures, known as the 
tnangulation, which embraces the area to be surveyed. From these main 
stations of the triangulation, horizontal angles are observed to secondary 
stations and points, natural and artificial, of lesser importance which can 
thereby be fixed and will provide additional marks for locating all the detail 
of the survey. For the purpose of fixing the soundings it is usually necessary 
for the surveyor to see at least three fixed points in the survey from every 
part of the water area, and this is an important consideration in selecting the 
sites for the main and secondary stations and soimding marks. 

When the base has been measured and all the angles observed, the lengths 
of the sides can be computed by plane trigonometry and the relative positions 
of the various main and secondary stations determined. These calculations 
enable the stations to be plotted and from them sounding and other marks 
can be laid down by protraction of the observed angles. A series of fixed 
points is now available on the sheet for accurately locating and plotting all the 
detail of the survey. The methods of doing this will be discussed in subsequent 
chapters. ^ 

Azimuth.—Just as the lengths of all the sides can be computed from that of a 
known side or base, so their bearings can be deduced from the known azimuth, or 
true bearing, of one side. This azimuth, which is required also for the correct 
orientation of the entire work, is obtained by astronomical observations. It 
may here be noted that the true meridian, as derived by correcting magnetic 
compass observations for the known or estimated variation, is not sufficiently 
accurate for the purposes of a detailed survey though it may often be used as 
an approximation in the earlier stages of the work. Finally it is necessary to 
determme the geographical position of one or more of the fixed points of the 
triangulation in order that the survey as a whole may be correctly located on 
the earth’s surface and to enable the chart to be graduated accordingly • this 
must be done by astronomical observations of suitable heavenly bodies.’ 

Requirements of a Hydrographic Survey 

The finished chart should be a complete, accurate, intelligible and up-to-date 
representation of the whole area which it sets out to portray. In addition to the 
detail which actuaUy appears on the chart, a large variety of supplementary 
information is needed for inclusion in Sailing Directions and other nautical 
publications. The requirements of a hydrographic survey to put this into 
effect may be briefly stated as follows : 

(а) The entire water area in the survey seaward of the high-water line must 

be closely sounded by running regular evenly-spaced lines of sounding 
over it and a rigorous examination of the soundings must be made 
in the field to ensure that no irregularities in depth are overlooked 
and that, when such are found, the localities in which they occur 
are closely examined by taking additional soundings or, if necessary 
by sweeping. 

(б) The position of, and least depth over, every shoal, including submerged 

reefs, rocks, banks, wrecks and other obstructions to safe navigation, 
must be found and clearly recorded on the chart. 
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(c) The positions of breakers, tide-rips, eddies, weed, fishing stakes and 

similar objects of interest and importance to the navigator must be 
fixed and shown on the chart. The survey must also show in their 
correct positions all light-vessels, buoys and other navigational marks, 
and the characteristics of these must be fully investigated. 

(d) The nature of the sea bottom must be ascertained at frequent and 

regular intervals over the water area and especially in depths where 
vessels may anchor, and samples of the bottom should be secured for 
the advancement of our knowledge of the sea-bed. 

(e) Leading and clearing lines must be indicated on the chart and these 

should be sounded over with particular care. 

(/) Both the high and low water line must be accurately fixed and the 
nature of the foreshore ascertained in order that it may be shown by 
the use of appropriate symbols. 

(g) All topographical features, which may be of value to the mariner in 
helping him to recognise the coast and to determine his position, must 
be carefully fixed, special attention being paid to hill summits and 
other conspicuous objects. The heights of all such objects must also 
be determined and recorded. The topographical detail must, as far 
as circumstances admit, include contours or form lines of the land in 
the vicinity of the coast. 

(A) Observations of the rise and fall of the tide must be made for the purpose 
of reducing soundings to a common datum, and if possible, they should 
be extended over a sufficiently long and unbroken period to enable 
them to be analysed for the determination of tidal constants. 

(t) Measurements of tidal streams and currents must be made at various 
points of the survey in order that this information may be available 
to the mariner. If time permits, sufficient observations should be made 
to enable the results to be analysed and embodied in the appropriate 
publications. 

(;■)• Opportunity should be taken to secure views of the coast by means of 
sketches or photographs as these are often of use to the mariner in 
helping him to recognise the land features of a locality with which he 
is not acquainted. Views of leading lines from near the position where 
they will first be used are of special value. 

(k) Observations for magnetic variation must be made both ashore and 
afloat to determine its value and to discover unsuspected deviations 
from the normal variation to be expected in that part of the globe. 
These observations also serve to check the annual or secular change 
in the variation. 

{1) The names must be ascertained and recorded of towns, villages, rivers, 
streams, points, hills, shoals, rocks and islands, and of any prominent 
and important features of the coast. Correct nomenclature and spelling 
are matters of great importance on the published chart and no efforts 
should be spared to trace acknowledged and native names which 
generally exist for all prominent places and objects though they are 
sometimes hard to discover. Local maps usually form the most reliable 
guide in this direction and in the absence of other information should 
be used as the best authority. 

(m) All information which may be of use in the compilation and correction 
of Sailing Directions must be collected during the course of the survey. 
This information must include a general description of the coast and 
off-lying islands and dangers, directions for entering and leaving 
harbours, full descriptions of lights and other navigational aids and 
details of the facilities offered to shipping by ports. 
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(n) The survey must be located on the earth’s surface and the true meridian 

determined by astronomical observations of great precision. 

(o) Permanent marks must be placed in the positions of any of the trigo¬ 

nometrical stations which may be of subsequent use in extending the 
work or re-surveying the locality, and bench-marks must be estab¬ 
lished to enable chart datum to be recovered for use in future surveys. 
{p) A comprehensive record of base measurements and triangulation, and 
of all observations taken in the field must be prepared. Too much 
stress cannot be laid on the necessity for careful and methodical 
compilation of all data obtained during the course of the survey as 
this provides the only real check on the accuracy of the chart. Further¬ 
more, unless the records of the field work are kept in the clearest and 
most intelligible manner, they will be nearly valueless in after years. 

(q) A continuous record of meteorological conditions in the survey area 

should be kept during the whole period of the work. 

(r) The surveyor should endeavour to collect any information likely to be 

of value to the advancement of scientific knowledge generally, and, in 
particular, that of a hydrological character, such as the temperature 
and salinity of the ocean at various depths. 
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The scale to be used is usually stated when instructions are issued for 
the survey. If not, it must be decided in the field before any work can be 
plotted. Except in special cases, hydrographic surveys are carried out on 
standard scales, such as 1/12,500, 1/25,000, etc., and in the absence of special 
Instructions the surveyor should adopt that which is suitable for the work 
in view. 

Before points on the earth's surface can be plotted in correct relation 
to each other on a reduced scale, the distances between them must be 
known. All these distances can be determined if the distance between iwo 
of the points is measured and if these and the remainder are connected by 
observing horizontal angles between them. In the absence of any known 
trigonometrical data, then, the distance between two points, i.e., one side of 
the triangulation, must be measured directly on the ground. This side is 
called the Base. 


Base Measurement 

Bases can be measured with various degrees of accuracy and may be roughly 
classed as follows : 

(1) Base-lines for Geodetic Triangulstion.—^These are of great precision and 
are usually measured with metallic tapes or wires suspended in catenary. The 
apparatus required is expensive and the degree of accuracy obtained is f, *■ in 
excess of the normal requirements of a hydrographic survey. Full descriptions 
of the method are given in Close’s “ Text Book of Topographical Surveying ”* 
and other works. 

(2) Base-lines for Secondary Triangulation and Topographical Work, includ¬ 
ing Hydrographic Surveys.—These are usually measured writh steel tapes 
along the surface of the ground. This is the method employed in hydrographic 
surveys whenever circumstances permit and it will be fully described. 

(3) Base-lines by other Methods.—These include bases obtained by taut 
wire measurements, sound-ranging, range-finder, subtended angle, astron¬ 
omical observations and other less accurate means which may sometimes 
l)e used. 


Bases by Steel Tape. 

Apparatus.—The steel tapes usually supplied are 100 feet long and consist 
of a flat steel band about 5/8ths of an inch wide with a swivel and brass handle 
fitted at each end ; they are graduated at every foot on one side and at every 
link on the other. The handles should be fitted with extension pieces, as shown 
in Fig. 1, to enable a spring balance to be attached and tension put on the tape 
during measurement. 

The exact length of a tape can only be determined after certain corrections 
have been applied. In some tapes, as in that shown in Fig. 1, the distance of 
100 feet (approx.) is that between the outer ends of the brass handles; in 
others the zero and 100 foot marks are on the tape itself some inches from the 
handles. Three steel tapes are normally carried in surveying ships, two for use 
in the field and the third, a reference tape, solely for use as a standard of com¬ 
parison ; the latter has its exact length, as determined at the National Physical 
Laboratory, at a certain temperature and tension and its coefficient of 
expansion stamped on a brass plate attached to its reel. 

•Text Book of Topographical and Geographical Surveying. Close & Winterbotham. 
M ,M. Stationery Office. 
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Alignment.—Base staves or ranging poles should be erected at intervals of 
not more than 500 feet along the line, the correct alignment being secured by 
means of theodolites erected over the base terminals. When direct alignment 
throughout cannot be secured, the turning points must also be marked by 
utaves. 

The Measurement.—^About ten men are required in a measuring party. 
Starting from one base terminal, all'available marking slabs or blocks are 
bedded down on the line of the base at intervals of 100 feet (this distance need 
only be correct to within, say, a couple of inches). The alignment of the slabs, 
with the base staves already in position can be made with sufficient accuracy 
by eye. If insufficient marking slabs are available to extend along the whole 
length of the base, the rear used ones may be fleeted forward from time to time 
as the measurement progresses. 

To measure the first fleet, the tape is laid out carefully along the line with its 
rear end (or zero mark) held down close to the base terminal; no attempt 
•hould be made to secure absolute coincidence with the terminal mark. The 
lipring balance is hooked into the leading end of the tape and a pre-arranged 
tension (usually 12 lb.) put on. At a given signal a fine knife cut is made on 
the terminal brass and first slab respe.ctively to mark the position of the two 
ends (or zero and 100 foot marks) of the tape. At the same time an assistant 
notes the tape temperature, taking care to shield the thermometer from the 
direct rays of the sun. When this has been done, the short distance between 
the cut showing the position occupied by the rear end (or zero mark) of the 
tape and the fine mark indicating the actual base terminal is set on a small 
beam compass or pair of dividers, and measured on a metal scale. The tape is 
then fleeted forward, four carriers keeping it clear of the ground. The second 
and subsequent fleets are measured in a similar manner. No effort is made to 
•ecure absolute coincidence between the cuts showing the position of the 
leading end (or 100 foot mark) of the tape on one fleet and that showing the 
rear end (or zero mark) on the following fleet. The short distances between 
these marks on each slab are measured and recorded as the work proceeds and 
the sum of all the measurements is applied as a correction to the whole base 
length. Each slab will be marked in the following manner : 



Direction of Measurement:, 


Fig. 2 


This slab is the one between the third and fourth fleets of a base ; the knife 
cut showing the position of the leading end (or 100 foot mark) of the tape on 
the third fleet is marked F3, that showing the rear end (or zero mark) of the 
tape on the fourth fleet is marked R4. The small measurement “ a ” will 
lie a correction to the whole base measurement and in this instance, as 
there has been an overlap between the front and rear ends of the tape, will be 
Kibtractive. 

A levelling party follows or precedes the base-measuring party to determine 
the slope of the ground over the whole line. When changes of alignment are 
necessary, horizontal angles must be observed from the terminals to the 
turning points and from the turning points themselves. 

The base should be measured at least once in each direction, preferably with 
different field tapes, and, if possible, the operation should be carried out in 
cloudy weather when temperature changes are likely to be small and the true 
temperature of the tape is more accurately shown by the thermometer. 
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Correction = — (nearly) 

where / = length of the tape in feet between supports. 

W = weight of the tape in lb. 
t — tension applied in lb. 

Example of Correcting a Base Measurement. 
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Data .—Standard tape No. 122 is 100-004 feet long at 62° F. and 
tension : coefficient of expansion 0-000 0062. 

Extracts from Field Records. 

(i) Field Tape No. 129—100 feet long. 

(ii) Taped distance AB = 2130 + 1-123* = 2131-123 ft. 

„ BC = 1219 - 0-344* = 1218-656 „ 

„ „ CD = 2276 + 0-778* = 2276-778 „ 

The figures marked * represent the algebraic sums of the small measurements 
at the end of each fleet. It can be seen from the figures that AB was measured 
with 21 whole tape lengths and one part-tape length, BC with 12 whole and one 
part-tape lengths, and CD with 22 whole and one part-tape lengths. In all, 
then, there were 58 fleets in the measurement. 

(iii) Horizontal Angles, ^ 20' 05' 

ABC = 169° 59' 40' 

BCD = 164° 50' 20' 

CDA = 12° 49' 55' 

(iv) Temperatures. 

On fleets 1-10, tape temperature = 80° F. 

„ „ 11-18, „ „ =82°F. 

„ „ 19-31, „ „ = 80° F. 

„ „ 32-39, „ „ = 78° F. 

„ 40-51, „ „ =77°F. 

„ „ 52-58, „ „ == 75° F. 

(v) Slopes. 

On fleets 1-17, slope = 1° 50' 

„ „ 18-30, „ =0°40' 

„ „ 31-58, „ = 1° 35' 

(vi) Height: negligible. Tension: constant. Sag: nil. 

(vii) Comparison of Field and Standard Tapes. 

Comparison . 

I_ Standard at 81* F. | 

Field at SO' F. 

2"*^ Comparison . 

I Standard at 74‘ F. _| 

Field at 75° f. 

Fig. 4 ' 

Before measurement, field tape at 80° F. is short of standard tape at 81° F. 
by 0-078 in. 

After measurement, field tape at 75° F. is short of standard tape at 74° F. 
by 0-050 in. 

Computation. 

At 62° F., true length of standard tape = 100-004 ft. 

First Comparison. 

True length of standard tape at 81° F. 

= 100-004 -I- (19 X 100 X 0-000 0062) = 100-0158 ft. 

Field Tape at 80° is short of standard by 0-078 in. = 0-0065 ft. 

.-. True length of field tape at 80° F = 100-0158 — 0-0065 

= 100-0093 ft. 


( 1 ) 
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Second Comparison. 

True length of standard tape at 74° F. 

^ ^ O’OOO 0062) = 100-0114 ft 

Fidd tape at 75 is short of standard by 0-050 in = 0-0042 ft 
-•- True length of field tape at 75= F. JlOO-0114 - 0 £ 

d£rce .^pe^uiAccept ‘a" '» ^c 

Upe for the measurement, i.e., at 77-5° F trueleneth of 
The range of temperature experienced S ^ 

75° to 82° F and the field tanpL-n p]^ “ during the measurement was from 

0-0006 ft. for each degree chLgTof temperSm^^^ X 0-000 0062 = 

the range can now be tabulated as follows : ‘ ^ lengths throughout 

At 75° F. length of field tape 
„ 77° F. 


- F. „ 

„ 80° F. ’ ” ’’ 

„ 82° F. ;; 

In the distance AB there are : 

10 whole tape lengths at 80° F. 
f - .. „ 82° F. 

3 „ „ 80° F. 

1 30-foot length ,, 80° F. 

Total 


Add algebraically sum of small measurements 


100-0068 ft. 
100-0080 ,, 
100-0086 ,, 
100-0098 
100-0110 „ 

= 1000-0980 ft. 
= 800-0880 „ 

= 300-0294 „ 

= 30-0029 

= 2130-2183 ft. 

= + 1 1230 ft . 

= 2131-341 ft. 
1218-772 ft 
2276-954 , 


True length of AB 

Corrections to distance AB : 

(1) 1700 - 1700 cos 1° 50' 


= 0-870 ft. 

(2) 431 — 431 cos 0° 40' 
= 431 - 430-971 


log 1700 
L. cos 1° 50' 
Sum 

log 431 
L. cos 0° 40' 
Sum 


3-230 4489 
9-999 7776 
3-230 2265 

2-634 4773 
9-999 9706 
2-634 4479 


- 0-054 ft. 

- 0-160 „ 


= 0-029 ft. 

Similarly, the corrections to distance BC are 

(1) For 800 fSet at a slope of 0° 40' 

(2) .. 419 „ „ 1° 35' 

And the correction to distance CD is : 

for 2277 ft. at a slope of 1° 35' — 0-869 ft. 
Collecting these results: 

True length in feet .. .. 2131-341 12f8^772 

Corrections for slope .. - 


0-899 


0-214 


2276-954 

0-869 


Horizontal Distance .. .. 2130-442 1218-558 2276-085 
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Using the horizontal distances AB, BC and CD, calculate the length of the 
•idc AD as follows : 

AD = AX + XY + YD (See Fig. 3) 

= AB cos Z. BAD + BC cos [(180° - ABC) - BAD)] 

+ CD cos Z. CDA 
Logarithmic computation : 


log 2130-442 
L.cos 12° 20' 05" 
log AX 
log 1218-558 
L.cos 2° 19' 45" 
log XY 
log 2276-085 
L.cos 12° 49' 55" 
log YD 


3-328 4697 
9-989 8574 

3-318 3271 ; AX = 2081-264 ft. 


3 -085 8462 
9-999 6411 


3-357 1884 
9-989 0161 


XY = 1217-551 ft. 


3-346 2045 : YD = 2219-241 ft. 
AX 4- XY + YD = 5518-056 ft. 
Hence, accepted length AD = 5518-056 ft. 


Importance of Accuracy in Base Measurements. 

Any error in the base measurement is reproduced in the whole triangulation 
and affects the entire survey. For instance, if the base is in error by one part 
in 1,000 every side in the triangulation will be in error to a similar extent. For 
this reason an accurate base is of great importance. It must also be remembered 
that, though moderate errors of measurement may not be apparent when the 
work is plotted on a small scale, part of the triangulation may be subsequently 
used for surveys on much larger scales and the errors in length of the sides 
may then be appreciable on the plotted sheet. Bases measured with steel 
tapes should have an accuracy of about one part in 50,000 if the measurement 
can be carried out over an even surface. The different measurements of the 
base should easily agree to within half an inch per thousand feet of length. 
Changes of alignment should always be avoided if possible, but, provided they 
are small and the angles are carefully observed, there should be no error of 
moment in the final result. In the example given there are two changes of 
alignment, one about 10° and the other of about 15°. If the angles at B and C 
were each 1' smaller than as observed, it would only affect the whole base 
length by about 3J inches. 


BASE BY MAST-HEAD ANGLE. 

Measurement of base lines with steel tapes or other accurate means is not 
always feasible -without the expenditure of more time and trouble than the 
nature of the survey would justify. Sometimes the land features are of so 
small an extent or of such a character that it is quite impossible to measure a 
base on land in the ordinary way. In such cases recourse must be had to less 
(•accurate methods of determining the scale of the work. One of these is measure¬ 
ment of the base from observations of the vertical angle subtended by a ship’s 
mast. For this operation the ship must be on an even keel and the vertical 
(distance from the truck (or some other suitable and easily-seen part of the 
mast head) to the upper deck, the upper edge of the boot topping, or the water¬ 
line must be known. Example : 

In Fig. 5, a ship is at anchor and it is desired to carry out a survey of the 
river entrance. Low mud banks, backed by mangroves, make the measurement 
of a base ashore impracticable. Two stations A and B are selected on the banks 
and simultaneous observations are made of the horizontal angles BAG and 
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and of the vertical angles subtended by the mast at A and B. As the 
IS not perfectly stationary, it is essential that all angles are observed 



f t ^ P’:^-^rranged system of signals being used for the purpose. 

vertiS ^ observed with theodolites Ld the 

t^renn! f T ^ observing sextants. In the following example a simul¬ 
taneous set of observations gave these results : ^ 

At A : horizontal angle BAC = 35° 26' 00' 
vertical „ to C = 3° 06' 00' 


At B ; horizontal angle ABC = 28° 10' 15' 
vertical „ to C = 2° 32' 10' 
The height of the mast was 121-5 ft. = h. 


Computation. 

By deduction, horizontal angle ACB = 116° 23' 45' ’ 

Now, AC = h cot 3° 06' 00', 

and BC = h cot 2° 32' 10'. 

By the sine rule, 

to AB ^ A == AC sin C cosec B, which provides two values 

Substituting h cot 3° 06' 00’ for AC and h cot 2° 32' 10' for BC • 

AB = 121-5 X cot 2° 32' 10' x sin 116° 23' 45' x cosec 35° 26' 00' 


AB = 121-5 X cot 3° 06' 00' x sii 


121-5 

log 

2-08458 

2° 32' 10' 

L. cot 

11-35367 

116° 23' 45' 

L. sin 

9-95218 

35° 26' 00' 

L. cosec 

0-23676 

AB 

log 

AB = 

3-62719 
4238-3 ft. 


Meaning these values, AB = 4247 ft. 


116° 23' 45' X 

cosec 28° 

10' 15' 

121-5 

log 

2-08458 

3° 06' 00' 

L. cot. 

11-26634 

116° 23' 45' 

L. sin 

9-95218 

28° 10' 15' 

L. cosec 

0-32596 

AB 

log 

3-62906 

AB 

= 4256-6 

ft. 


^ repeated two or three times and the results 
worked out separately. The method is not susceptible of any great accuracy and 

iriployeT ^ accuracy when this type of base measurement is 

heiVhf method can also be used with other objects whose 

neight can be carefully measured, e.g., lighthouses. 
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BASE Measurement by Subtense Method. 

If the horizontal angle is observed between two points whose distance apart 
is known, and which are at the same level and equidistant from the observer, 
a short base of fair precision can be obtained when circumstances preclude 
more accurate forms of measurement. Example : 



In Fig. 6, let XY be a pole on which two marks are fixed or painted exactly 
30 ft. apart. A is an observer with a theodolite and a sight is fitted at the centre 
of the pole at B so that it can be accurately placed perpendicular to the line 
of sight AB. 

Then, if the observed angle XAY = a 
AX = AY = i XY cosec 
Let a = 1° 42’ 18" 

ThenAX = AY= 16cosec0°51'09' 15 log 1 176 0913 

0° 51'09' L. cosec 11-827 4443 
= 1008-2 ft. AX log 3-003 5356 

Great care is necessary in measuring the angle a. An error of 5" in Z. a 
would in this instance produce an error of nearly a foot in AX or AY. An 
accuracy of about one in 1,000 should generally be attainable with this method. 

BASE Measurement by Tachymetry. 

The telescopes of some theodolites and levels are fitted with two horizontal 
wires fixed in the diaphragm at equal distances from the axis of the telescope. 
If a graduated staff is held vertically and the divisions intersected by the fixed 
wires are read, the difference of the readings multiplied by a constant factor 
(usually 100) gives the distance of the staff from the observer. The accuracy 
obtainable by this method will vary with the instrument employed and with 
conditions of visibility during the observation. An error not exceeding 1/500 
should normally be obtainable. A distance of about 1,000 ft. is the most that 
can be accurately measured by this means ; at longer distances the readings of 
the intersections cannot usually be seen with sufficient clearness to give good 
results. 

BASE Measurement by Range-Finder. 

The accuracy of direct measurements by range-finder depends on the type 
employed and is influenced by temperature changes and other uncertain factors. 
With a 12-foot range-finder, a base of 2,000 yards could be measured with an 
error not likely to exceed 5 yards, i.e., one in 400. In the example illustrated in 
Fig. 5, it would be possible to observe the horizontal angles at A and B to a 
tiange-finder at C and obtain direct measurements of AC and BC, thence 
calculating the distance AB as before. Smaller range-finders naturally give 
less accurate results and, in general, it is not advisable to use this method if 
any other can be applied. 

BASE MEASUREMENT BY ASTRONOMICAL OBSERVATIONS. 

When the latitude and longitude of two points on the earth’s surface have 
been accurately determined by astronomical observations, the distance between 
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them can be calculated provided certain dimensions are accepted for the shape 
and size of the earth If the two positions are connected by a system of 
tnangulation the lengths of all the sides of that triangulation can be deduced. 
,however, give an accuracy greater than 
1 or 2 of arc (say, 100 to 200 feet) with the instruments normally available to the 
hydrographic surveyor and there is a possible further uncertainty in the results 
due to unknown local deviation of the plumb line at the places of observation. 
For these reasons, this method of determining distances is rarely used. 

Measurement of Distance by Taut Wire. 

When a base cannot be measured ashore, use may be made of the Taut Wire 
Measmmg Gear which is designed for measuring distance over the ground at 
sea. This apparatus is illustrated in Plate A, Fig. 7. ^ 

Components.—'The. apparatus consists of two separate parts : 

{a) A drum standard, bolted to the deck, carries a fixed drum holding when 
fuUy wound about 140 miles of ungalvanised piano wire. It is fitted 
wth a spindle passing through the centre of the drum, which has a 
band brake at its fore end and unwinding mechanism at its after end 
The brake is operated by two butterfly nuts and is used to adjust the 
tension on the wire. The unwinding mechanism consists of a revolving 
arm secured to the spindle, carrying a " flyer ’’ wheel at one end and a 
counterpoise weight at the other. 

(6) A metal frame carries two sets of rollers, two leading wheels for guiding 
the wire, a cyclometer or counter wheel -and a dynamometer An 
indicator registers each whole turn of the counter wheel. The dyna¬ 
mometer A consists of a freely revolving wheel which is fitted in a 
frame carrying a pointer and is free to move up and down vertical 
^ put on the wire, the dynamometer wheel 

IS lifted and the pointer indicates on a scale attached to the guides the 
approximate tension on the wire. 

To Prepare and Run the Gear.-The lead of the wire can be clearly seen 
on Plate A, Fig. 7, it will be noted that there are about three-quarters of a 
turn of the wire on the counter wheel, the circumference of which is 6-080 ft 
^r vety nearly this) so that 1,000 revolutions are equivalent to one nautical 
mile. The foremost leading wheel is slightly off-set from the counter wheel and 
the vertical part of the wire between these two wheels is brought up on the 
port side of the horizontal part already led onto the counter wheel. The wire 
IS spliced at intervals of a few miles and the off-setting of the fore leading wheel 
prevents fouling where the two parts of the wire cross each other. The wire has 
a breaking strain of about 200 lb. with a direct pull but, if kinked, breaks 
m happei^g during the process of reeving, the brake 

bv for the flyer arm to be p^hed round 

fho Wire has been rove, an improvised anchor, e.g., firebars, 
pL TV, ^ stray-line is secured to its outer 

tu'i. The anchor should be lowered by hand till just clear of the water and the 
slac* of the wire taken up by pushing backwards on the flyer arm. The brake 
^ then set up and the gear is ready for running. At the end of a run the wire 
may be easily cut by holding a piece of iron beneath a moving part of it and 
giving it a smart blow with a cold chisel. 

apparatus is very simple and, provided all moving parts are kept 
well greased or oiled nothing should go wrong with it. When the gear is idle 
the flyer arm should be left in such a position that the oil hole in the lubricating 
ring IS .at the top. The brake drum should be lubricated with two or three drops 
of oil only and to ensure its smooth working, should be protected from the rain. 

A good deal of grease is thrown off whilst working and hoses should be kept 
running to wash it away. ^ 
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The wire rusts rapidly if it is not well greased ; if there is any doubt as to 
the condition of the outer turns on the drum it is as well to run off a mile or 
so and get nd of them rather than risk a break early in the run proper. When 
the anchor first enters the water, the wash from the propellers exercises a 
considerable force on it and for this reason speed at the start of a run should 
the best speed for the ship is about 
8 to 10 knots. The gear will function satisfactorily at much higher s^s but 
^^.hnots the counter wheel revolves so fast that it is difficult to read 
off the indicator accurately at any given moment. 

Method of Use.-^n& man is sufficient to work the gear, his duty being to 
tend the brake, and an observer should be posted to read the indicator. When 
It IS desired to measure a distance between two fixed marks at sea. e.g., moored 
paeons the procedure is as follows. The " run ” must be started li to 2 miles 
before the first mark is reached and a straight course over the ground must be 
maintained oyer the whole distance. The ship therefore proceeds to a point 
on an extension of the line joining the two marks and 2 miles, say. from the 
nearer one. Speed is then reduced to slow and the ship is put on the course 
for running the line. The brake is then eased off a little and the wire allowed 
to run out slowly. As soon as the anchor has reached the bottom, the ship’s 
speed IS increased gradually to the desired maximum and the brake adjusted 
so that the dynamometer shows a tension of about 38 lbs. When abeam of 
the first mark, as noted by the compass, the indicator is read and similarly 
on passing the second mark. The signal for reading off should be given frora 
the bridge as the observer at the indicator cannot have his eyes on the mark- 
as well as the indicator and would in any case be unable to determine when it 
was exactly abeam or on the required bearing. The difference between the two 
readings pves the number of revolutions of the counter wheel and hence the 
distance between the inarks. When passing each mark its distance from the 
ship should be measured by range-finder or other means ; it may happen that 
owing to an unsuspected current, the ship is set a little off the course truty 
parallel to the bne of the marks. In sufh cases the distance run must be 
corrected as in the following example. 



In Fig 8. the run was started at O and followed the line OPQ. Passing A 
and B. their distances were noted to be 120 feet and 490 feet respectively. 
Measured distance PQ was 12.160 feet. ^ ^ 

Then distance AB = PR = PQ cos L RPQ 

Now. sin L RPQ = ^ = ~ 

^ PQ 12160 
Logarithmic Computation. 

log 370 2-568 2017 

log 12160 4.084 9336 


370 

” 12160 


L.sin l_ RPQ 

L RPQ = 1° 44' 37' 

logPQ 

L. cos /_RPQ 

log AB 

AB = 12154 ft. 


8- 483 2681 

4-084 9336 

9- 999 7989 

4-084 7325 
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It may sometimes occur that a distance has to be measured which is not a 
•tmight line. The following methods may be used but the accuracy will be 
of a lower order; it should, however, be within 0-2 miles in 50. 

(«) Where the position of course alteration is marked by a buoy, the ship 
is steered to pass very close to it. A reading is taken at the instant that 
it is al^am and the wheel is put hard over. Although the .ship turns 
on a wide arc the bight of wire is soon pulled straight and taut against 
the mooring of the buoy, so that the reading taken when the buoy was 
abeam may be accepted as the reading of the buoy on the new course. 

(61 A weight of 3 hand leads or a sinker on a stout line secured in a loop around 
the wire is let go by signal from the bridge when the wheel is put over. 
A similar weight is let go as the ship’s head nears the new course. The 
dista,nce between the two weights may be taken from data of “ advance” 
and “ transfer ” for the ship or, the bearing and distance of a floating 
object, dropped with the first weight, may be observed when the second 
weight is let go. 

Biamples of Taut Wire Measurement. 

(а) To find the distance between two moored beacons at sea. 

This is a straightforward measurement and only requires taut wire runs 
tirtween the beacons as laid down in the previous paragraph. It is always best 
fo run the distance three times and take a mean if this can be arranged. If 
» » the number of revolutions of the counter wheel over the run between the 
bwcons, their distance apart is 6-080:*:. 

(б) To fix the position of a mark out of sight of land. 

When it is necessary to fix the position of a mark or to carry out a survey 
o»it of sight of land, a reliable jxjsition can often be obtained by running two 
or more taut wire distances from positions near the land, where the ship can 



Fig. 9 


be accurately fixed, to the position of the mark or one of the beacons of the 
Wrvey. Supposing, for example, a survey of the Swarte Bank, which lies about 
4() miles from the nearest part of the English coast, is to be made : see Fig. 9. 
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A beacon is moored near the north-west end of the bank and to fix it two taut 
wire distances are run : 

(1) Between the beacon " C ” and a position " A ” off Spurn Point where the 

ship can be accurately fixed relative to Spurn Point lighthouse at the 
beginning or end of the run. 

(2) Between the beacon “ C ” and a position “ B ” off Cromer where the ship 

can be accurately fixed relative to Cromer lighthouse at the beginning 
or end of the run. 

The geographical positions of Spurn Point lighthouse and Cromer lighthouse 
are kno^ and from these the positions of A and B and the bearing and distance 
of the side AB can be calculated. The angles of the triangle ABC can now be 
calculated from the sides by plane trigonometry. These angles will, however, be 
plane angles and their true values on the earth’s surface must be found by 
adding to each a small correction equal to one-third of the spherical excess of 
the whole triangle. The spherical excess depends on the area of the triangle, 
which can be deduced from a rough plot, and is very nearly equal to 1" of arc 
for each 60 sq. nautical miles of area, see Table II. Applying the corrected 
angles CAB and CBA to the true bearings AB and BA respectively, we have 
the true bearings of the sides AC and BC. Accepting the measured distances 
AC and BC, the geographical position of C can now be calculated from either. 
Both values should be obtained and the mean accepted. The errors to which 
measurements of this type are subject are discussed later. 

(c) To find the distance between two points on shore from a Taut Wire Measure¬ 
ment at sea. 

Suppose a survey is required of a harbour on a part of the coast where it is 
impossible to secure a suitable site for the measurement of a base on land. 



Two intervisible stations, A and B (see Fig. 10) are selected on shore and 
manned by observers with theodolites. Two beacons, C and D, are moored off 
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Hm coast and the ship runs a taut wire distance between them, thereby 
•blaining the length of the side CD. As the ship is abeam of each beacon on 
III# run, the observers at A and B take horizontal angles to it, a system of 
•lgn«Is ^ing arranged from the ship to enable the observers to obtain their 
Mtf Ics simultaneously with the taking of the taut wire indicator readings at 
##(h beacon. The theodolite readings will then be applicable to the positions 
•rlually occupied by each beacon as the ship passed, and no sensible errors 
•111 be introduced by previous or subsequent movements of the beacons round 
I heir anchors. It is required to find the distance AB. 

In the quadrilateral ABDC, the angles 2, 3, 4, and 6 and the side CD have 
Wen measured. Let the observed values be as follows : 

Z. 2 = 39° 68' 55’ 

Z. 3 = 59° 03' 10’ 

Z. 4 = 37° 15' 30' 

Z. 5 = 43° 20' 25’ 

Side CD = 31,840 ft. 

By trigonometry, the following formulae are true for the quadrilateral: 

(1) *+y = 3+4 

sin X _ sin 1 sin 3 sin 5. 
sin y ~ sin 2 sin 4 sin 6. 

= tan^ y 


( 2 ) 



sin a; + sin y 


3+4 


— = .... X 

Solving for observed values, we have : 
Z 1 = 180° - Z.' (2 + 3 + 4) 

= 180° - 136° 17' 35' 

= 43° 42' 25’ 

Z.6 = 180° _ Z.* (3 + 4 + 5) 

= 180° - 139° 39' 05’ 

= 40° 20' 65’ 

^ +y= 3 + 4 

= 96° 18' 40’ 

= 48° 09' 20’ 


sin 43° 42' 25’ X sin 59° 03' 10’ x sin 43° 20' 25’ 
sin 39° 68' 65’ X sin 37° 15' 30’ X sin 40° 20' 55’ 


, Si 

S, 

LogP 


9-839 4592 
9-933 3057 
9-836 5329 
9-609 2978 
9-401 1510 


9-807 9043 
9-782 0494 
9-811 1973 
9-401 1510 


0-208 1468 
.-.P = 1-614 904 

Hence P - 1 = 0-614 904 and P + 1 = 2-614 904 














= tan 48° 09' 20' X ? 
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L. tan 10-047 9344 
log 9-788 8073 


^ = 14° 42' 48' 


log 

log 


9-836 7417 
0-417 4668 


l±y 

2 


and y 


48° 09' 20' 
62° 62' 08' 
33° 26' 32' 


The distance AB can now be found from either of the formulae : 


AB = AC sin l.cosec 4 = CD 

sin y sin 1 cosec 4 cosec 2.(1) 

or, AB = BD sin 6.cosec 3 == CD 

sin a; sin 6 cosec 3 cosec 6.(2) 

Logarithmic computation for (1) and (2) 


(1) log CD 

4-602 9731 

(2) log CD 

4-602 9731 

L. siny 

9-741 2271 

L. sin X 

9-949 3731 

L. sin 1 

9-839 4692 

L. sin 6 

9-811 1973 

L. cosec 4, 

0-217 9606 

L. cosec 3, 

0-066 6943 

L. cosec 2, 

0-192 0967 

L. cosec 6, 

0-163 4671 

log AB 

4-493 7067 

log AB 

4-493 7049 

.-. AB 

= 31,168 ft. 



[d) To find the distance between two inaccessible marks on 
Wire Measurement at sea. 

shore from a Taut 


If in the previous example A and B (see Fig. 10) are inaccessible, the angles 
at D (6 and y) and at C (x and 1) must be measured by sextant. As before 
CD IS measured by taut wire and the sidei AC and AD, and BC and BD can 
be found directly from the triangles ACD and BCD respectively. AB can now 
calculated from either of the triangles ABC or ABD in each of which two 
sides and the included angle are known. Naturally, the accuracy of the deduced 
length of AB will not be as great as it would have been if angles could be 
observed from A and B, since in this case sextant angles only are depended 
on and any movement of the beacons during the taut wire run will also be 
a source of error. 


Accuracy of Taut Wire Measurements. —Errors in taut wire measurements 
may be caused as follows : 

(1) Inaccuracy of Indicator Reading .—The indicator only shows each whole 

revolution of the couiiter wheel which corresponds to a distance of 
6-08 ft. It may be anticipated that readings will sometimes be in error 
to this extent. 

(2) Circumference of the Indicator Wheel—This may not be exactly 6-08 ft. 

It can be tested on board by measuring on deck the precise amount of 
wire run off in, say, 20 revolutions of the wheel. It is not easy, however, 
to reproduce the same tension as would be experienced in actual run¬ 
ning, and tests of this sort are of doubtful value. 

(3) Elasticity of the Wire .—Measurements will obviously be affected by 

changes in the tension of the wire. If the dynamometer is watched 
carefully and the brake adjusted as necessary to preserve a tension as 
constant as possible, there should be little error from this cause. 
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( 4 ) Irregularities of the sea-bed. —These cannot be allowed for except by an 
arbitrary correction. The aim should be to run the distcince over as 
even a bottom as can be found. 

(ft) Deviations of the ship's course due to unsuspected changes in tidal streams 
or currents, and due to yawing. —^To minimise these a straight course 
should be kept either by the use of a back transit mark (a moored 
beacon or mark ashore) or by running the distance in the line of the 
stream and fixing frequently so that the line may be kept or recovered 
by very small alterations of course. In good weather it should be 
possible to reduce yawing to an immaterial amount. 

I'aking all sources of error into consideration, the errors of taut wire measure- 
iiirnts under good conditions should not exceed about one part in 500 of the 
Mil inured length. Whenever possible, two or more runs should be made over 
I 111 ’ distance to be measured. 

Oklibration of Taut Wire Gear.—Undoubtedly the best way to determine the 
• I ror of a particular set of taut wire gear in any ship is to run the gear several 
I imcs over a known measured distance at sea. By this method, all the actual 
1 ‘inditions of use can be reproduced. In many places measured distances exist 

■ lid can be utilised for this purpose. Alternatively, the error can be found by 
I iinning a distance between two moored beacons which are " shot up ” from 
I wo fixed stations ashore at the same time as the ship passes each beacon. This, 
HI (act, is the reverse of the problem shown in Fig. 10 ; if the side AB is known, 
•*iid angles are observed to C and D, CD can be calculated. 

MEASUREMENT OF DISTANCE BY SUB-AQUEOUS SOUND RANGING. 

The velocity of sound through sea water varies within comparatively small 
limits and is much more constant than in the atmosphere. This property of 
ound may .be made use of in determining the positions of marks out of sight 

■ •( land and for measuring distances between beacons or other control marks 
■fa hydrographic survey. If the velocity of the sound wave can be accurately 

determined for the conditions prevailing in any given area, measurement of 
«he time interval for the passage of the wave between two points will enable 
ilirir distance apart to be calculated with considerable precision. Two distinct 
methods of sub-aqueous sound ranging have been employed and will now be 
(•liefly described. 

(1) In the first method, a number of hydrophones are anchored off shore 
m positions where they can be accurately fixed relative to the land. The 
Lyarophones are connected by cable to an electrical recording apparatus 
4 %hore. If an explosive signal is fired under water at some point out to sea, 
the sound wave travels to the hydrophones and the moment of its reception 
al each is automatically recorded in the apparatus ashore. The time interval 
rlupsing from the moment of the explosion till the moment the sound wave 
ffkches a hydrophone depends on the distance of the hydrophone from the 
explosion. This cannot be measured, but the differences of the time intervals 
i«r the various hydrophones are shown in the recording apparatus, and from 
Ilicse the bearing and distance of the explosion from any of the hydrophones, 
i»nd hence from the land, can be calculated. The explosive signal is, of course, 
ftred in close proximity to a beacon or other fixed mark of the survey. Other 
j oints in the survey can, if necessary, be fixed in a similar manner and hence 
the'scale of the survey determined. 

The mathematical theory involved in calculating the position of the explosion 
• I’om the time intervals at the hydrophones is rather involved, and this method 
ii.m not been brought into general use. 

(2) The second method is considerably simpler as it makes use of direct 
measurements of the time interval between the explosion and its reception at 
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ouWSt" of required to fix the position of a moored beacon 

w ® Two or more hydrophones are anchored off shore in 

suitable positions where they can be accurately fixed relative to the land and 
they are connected by cables to wireless transmitters on shore. A charge is 

moment of the explosion is 
automatically recorded on board the ship which is stationed in the^vicinitv 
J automatiT^r hy^ophones and its time of reception S S 

Til.. transmitted by the shore wireless stations back to the ship 

signal may be assumed to travel instantaneously and the tiine 
the t^me ^he receipt of the wireless signals represent 

the time taken for the sound wave to travel through the water to each hvdrn 

£Stv h?kf "'it " asLmedTo i ^or^e deSj 

Sed to each hydrophone can be calcu- 

^ position of the beacon found. An alternative 

method of obtainmg the same result would be to transmit a wireless signal from 
the ship simultaneously with the explosion of the charge and 
SSr sound wave at the hydrophones at the shore wireless 

stations. In a simil^ manner the distance between two beacons at sea can be 

be oSiTnS’h ’'®^i^ble results can only 

?h,> wlT by comprehensive observations of these factors in the area wherl 
the work IS being undertaken. At one time it was assumed that the S 
wave would invariably travel by the shortest path through the water between 
any two pomts, but recent observations seem to indicate that this is by no 
the case and small errors due to insufficient knowledge of the sound 
wave path must be anticipated. Improved technique and mu^ experimental 
work have now brought the sub-aqueous sound ranging method to a standard 
buMM?Hn biff ^quate for smaU-scale surveys out of sight of land 
S, mSsSiig ^ “ 8“'> “ obtained »ith taut’ 


INACCESSIBLE BASE. 

It is sometimes necessary to use a base measurement deduced from hori- 
observed to two inaccessible points whose positions are accurately 

MeSal 2h "thST ^ obviousll 

identi^l with that ^ven under Base Measurement by Taut Wire in paraCTaoh 

fmiatinn ^^^s'^^ement and illustrated in Fig. 10, aM tL 

equations for Sblvmg it are the same. ® 


Base Measurement by Radar. 

The teclmique of base measurement by radar has not vet been fullv 
developed, but as ranges of over 20 miles can now (1947) be measured to an 
accuracy of about 10 yards by this means, it is probable that, inTe future 
radar bases will be much used for sketch and running surveys. (See page 386.) 
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CHAPTER III 
THEODOLITES 

Dtsoription, Adjustment and Use. 

Theodolites are portable instruments devised for the accurate measurement 
of horizontal and vertical angles. 

A transit theodolite is one in which the telescope can be rotated vertically 
•nd for end, and which has the vertical circle graduated throughout its circum- 
forence. In older types of theodolite this was not always the case, but all 
modern theodolites are transits. 

Theodolites are made in various designs and sizes, and are usually described by: 

la) The diameter in inches of the engraved circles. 

(6) The means provided for reading the graduations of the circles. 

(e) The name of the maker. 

As regards (6), the two principal methods of reading the engraved circles, 
an :—(1) by means of verniers, and (2) by means of micrometer microscopes 
(generally known simply as " micrometers ”). With the latter much more 
accurate results can be obtained, but micrometer instruments are more expen- 
■ive and delicate than those fitted with verniers. 

The theodolite to be described here is a 3J' Tavistock double-reading model 
by Messrs. Cooke, Troughton & Sims, Ltd. Other modem theodolites are 
wmilar in principle, though differing in size and detail, and if one pattern 

thoroughly mastered, the differences in others will quickly be apparent 
•tier a little handling, and will present no difficulty. 

In the Tavistock model the means provided for reading off the circles are 
■omewhat dissimilar to those normally employed. The principle of the 
*' vernier ” and the type of micrometer found in many other instniments, 
which are in common use, are fully explained in Close’s “ Text-Book of Topo¬ 
graphical Surveying,” and will not be described here. 

It is essential that the surveyor should have a thorough knowledge of the 
features of the instrument he is using, and should know how to adjust and clean 
It, and effect minor repairs when necessary. Unless he feels absolute confidence 
In his knowledge of the details and in the theory of the adjustments, he will be 
apt, if he finds errors occurring in his work, to lose faith in his instrument. 
Daacription of Parts, etc. 

The instrament consists of two parts : (1) The Tripod ; (2) The Theodolite. 

The tripod is of an open-framed pattern with mahogany legs to the bottoms 
of which metal shoes are fitted. The head of the tripod is constracted to allow 
a centring movement of about in. to be made, and a circular bubble is 
•tied for rough levelling. The hinged pins which connect the legs to the 
centring head are self-adjusting and require no attention. A screw thread on 
the centring head enables the theodolite to be attached. 

The theodolite is packed in one piece in a metal box and held in position by 
m frame, to which are attached two hinged metal straps. The Figs. 1 and 2 
•ngraved on the straps correspond with Figs. 1 and 2 on the tribrach and 
transit axis of the theodolite, and indicate the position the instrament must 
occupy when stowed in the box; it will not stow in any other position. 

Tlic following are the names of the various parts of the instrament: see 
|>lates B and C. 

A Cover plate containing optical system for horizontal circle. 

B Box containing optical system for vertical circle. 

I) Vertical circle. 
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E Reading eyepiece for vertical circle. 

E' Micrometer milled head for vertical circle. 

F Reading eyepiece for horizontal circle. 

F' Micrometer milled head for horizontal circle. 

G Object glass. 

H Focusing head for telescope. 

H' Screw focusing eyepiece. 

J Cover to diaphragm adjusting screws. 

K Plate spirit level. 

L and L' Screwed caps covering optical adjustments in A and B. 
M Altitude or upper spirit level. 

M' ,, „ „ „ ,, prism reader. 

N Zero setting adjustment for vertical circle. 



Plate B 


O Tribrach. 

P Footscrews. 

Q Two pin sockets for leads from 
battery. 

R Clamp for lower plate. 

R' Slow-motion screw for lower plate. 
S Clamp for upper plate. 

S' Slow-motion screw for upper plate. 
S" Fine-motion ,, ,, 

T Clamp for telescope. 


T' Slow-motion screw for telescope. 

T" Fine-motion ,, „ ,, 

U Setting screw for altitude spirit 
level. 

V Illumination reflector for vertical 
circle. 

V' Electric illumination for vertical 
circle. 

W Illumination reflector for horizon¬ 
tal circle. 
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W Klectric illumination for horizon¬ 
tal circle. 


X Telescope diaphragm electric 
illumination. 

Y Lower tribrach. 


The following accessories, tools and spares are fitted in the box : 


iHagonal eyepiece, 
iuirr lower-power eyepiece. 

I^nilar compass (not always pro¬ 
vided). 

^re interchangeable diaphragm. 
lUtnictor for withdrawing diaphragm. 
Two coloured sun-glasses for eye¬ 
pieces. 


Rayshade for object glass. 

Gunmetal plummet. 

Spare electric bulbs. 

Screw-driver and other tools. 

Camel hair brush. 

Metal bottle containing oil for centres. 
Shower-proof cloth cover for instru¬ 
ment. 



The electric illumination fittings, when not in use, can also be stowed in 
iKtlders in the base of the box. 

The tribrach is in two parts, connected together by three foot-screws (P) 
which enable the upper part (O) to be tilted relative to the lower (Y). ^e 
licedom of movement of the footscrews can be adjusted by capstan-headed 
■crews on the upper part of the tribrach. The lower part is fitted with a screw- 
I bread to engage with the thread on the tripod head. The upper part carnes 
>he axis of the lower plate which in its turn is hollow and carries the axis of. 
\\w upper plate. 

The lower plate carries the horizontal circle which is engraved on silvered 
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glass at every 20' of arc, clockwise from 0° to 360°. It can be rotated round 
the tribrach or clamped rigidly to it by means of the clamp R. 

The upper plate carries the optical system for reading the horizontal circle, 
the plate level K, and two standards with bearings for the telescope tnmnions 
or transit axis. It can be rotated about the lower plate or rigidly clamped to 
it by the clamp S. The standards carry the microscopes for reading the vertical 
and horizontal circles. 



The telescope is internal focusing; the distance, therefore, between the 
eyepiece and the object glass is constant, the focusing of objects at varying 
distances being accomplished by the movement of a subsidiary lens, situated 
between the object glass and the eyepiece, movable along the optical axis, 
and actuated by the milled head H. The telescope is also anallactic, that is to 
say, there is no constant to add for tachymetrical purposes. The diaphragm is 
of spider’s web, with a simple cross, with the addition of stadia lines, 1 : 100, 
fitted in a removable cell. The spare diaphragm is engraved on glass. Open 
sights are fitted on the top and bottom of the telescope. The vertical circle is 
attached to the telescope but may be given a small movement relative to the 
latter by means of the capstan-headed screw N. This circle is engraved on 
silvered glass at every 20' of arc from 0° to 180° and 0° to 180°, anti-clockwise 
from the zenith and nadir. The telescope (and vertical circle) can be rotated 


Plate D 

about the trunnion axis or clamped with the clamp T to one of the upper 
plate standards. 

The vertical arm consists of the box B, containing the optical system for 
reading the vertical circle and carrying the altitude spirit level M and its 
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prism reader M'. The vertical arm can be rotated through a small angle about 
the trunnion axis by means of the setting screw U. 

The spirit levels, or bubble tubes, K and M, are provided for the purpose of 

levelling ” the instrument, or, in other words, for making its axis vertical. 
The lower level K has a sensitivity of 40* per 2/mm. run and is provided with 
adjusting nuts. The upper level M has a sensitivity of 22* per 0-1 of an inch 
rnn. These two levels are at right angles to each other. 

A reversible prism reader M' is provided for the altitude spirit level. This 
enables the two ends of the bubble to be seen simultaneously from the eye-end 
of the telescope. By manipulating the setting screw U, the two ends of the 
bubble can be made to coincide, and the bubble is then in the centre of the 
tube and the vertical arm is " levelled." 

The Optical System .—Each circle is read by an independent micrometer, 
and the circle reading eyepieces (E and F) are mounted one on each standard. 
Tlicse eyepieces are pivoted and can be swung into a convenient reading position 
accessible to an observer using the theodolite in either the “ face left ” or 
*' face right ” position. The instrument is said to be in the " face left ” position, 
commonly expressed as F.L., when the vertical circle is on the left of the tele- 
acopc when the latter is directed on any object, and vice versa. The process 
of reversal from F.L. to F.R. is called " changing face." The optical systems of 
the two circles differ only in detail. 

Light from the engraved circle is reflected through two small apertures 180° 
apart into a box-like compartment where it is diverted through a system of 
prisms and lenses (see plates E and F) until it reaches the eyepiece. This 
compartment also contains a circular glass disc near the perimeter of which 
are engraved 1,200 divisions, corresponding to 20' of arc (= 1200* of arc) : this 
is the fine reading scale. Turning the milled head (E' or F') revolves the 
corresponding disc and at the same time moves two prisms which are placed 
in the path of the rays. The movement of these prisms gives an apparent 
lateral displacement to the images of the circle graduations (as seen in the 
eyepiece) corresponding to the angle through which the disc turns. 

Fig. 11 shows t 5 rpical views of the circle divisions and the fine reading scale 
as seen through the eyepieces. It will be noted that three rectangular apertures 
are seen. The coarse reading (to nearest 20') is obtained from aperture 1, 
whilst the fine reading (minutes and seconds) appears in aperture 2. The fine 
reading, which must always be added to the coarse reading to obtain the com¬ 
plete circle reading, is invariably less than 20'. In aperture 3, which is really 
two apertures separated by a broad line (afterwards referred to as the setting 
index), two circle graduations are shown, one on each side of the setting index, 
and it will be observed that in all the diagrams these two circle graduations 
are so disposed about the setting index that the narrow light gaps on either 
side are of equal width. “ Setting the micrometer " consists m equalising 
these two narrow light gaps, so that the graduations are positioned sym¬ 
metrically about the setting index, and this operation must always be done 
before the circle is read. 

" Setting the micrometer ” is done by rotating the appropriate milled head 
(E' or F') on the side of the standard, or by rotating the circle by means of 
its slow-motion screw. The former method will be used if it is required to 
measure some unknown angle, the latter if it is required to set the circle to 
tome pre-determined reading. 

Referring again to Fig. 11, diagrams (a) to (f), it will be seen that: 

(1) Aperture 1 shows about 1° of the circle which is engraved at every 20' of 

arc. The coarse reading (to nearest 20') is obtained from this aperture. 

(2) Aperture 2 shows about 15* of the fine reading scale, the figures nearer 

to the divisions representing the minutes, and those farther from the 
divisions the seconds, of arc. 
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Fig. 11 
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(3) Aperture 3 shows the setting index (a fixed black line) and two circle 
graduations 180° apart. Before the micrometer is " set ” neither of 
these circle graduations may be in the field of view, but they will 
brought into it by turning the appropriate milled head. By this 
method of reading off, both sides of the circle are read simultaneously 
and automatically meaned, thereby eliminating errors of eccentricity 
in the graduation. 

IUuminaiion.—For daylight use, movable reflectors {V and W) are provided 
lor illuminating the circles. For night use, a 4-5 volt battery, complete with 
rheostat, is strapped to the tripod and three lamp holders can be fitted to the 
instrument, one on the lower part to illuminate the horizontal circle (W'), one on 
• etandard to illuminate the diaphragm through the transit axis (X), and one on 
the vertical arm to illuminate the vertical circle and bubble (V'). The daylight 
reflector must be removed before the last-named lamp holder is fitted. The 
leads from the battery are plugged into sockets on the tribrach. The rheostat 
acts as a switch and controls the intensity of the lighting. The electric illumina¬ 
tion of the circles is superior to that obtained from the daylight reflectors 
and should be used, if possible, when great accuracy is essential. 

Batting up and Levelling the Theodolite. 

The following is the procedure for setting up and levelling the theodolite: 

(1) Press the legs, splayed well apart, firmly into the ground so that the 

head of the tripod is as nearly as possible over the station mark. On 
marshy ground it may be necessary to drive in stakes to support the 
feet of the tripod. See that the tripod head is approximately level by 
the circular bubble level. 

(2) Remove the cap, and screw on the theodolite. Make sure that it is 

screwed up tight. Remove telescope cap. 

(3) Attach plummet and centre the instrument over the station mark. 

Clamp the tripod head and remove plummet. 

(4) Attach battery and electrical equipment, if required. 

(6) Focus micrometers and telescope. 

(6) Loosen all clamps and with the aid of the footscrews level the lower 

plate roughly by eye. 

(7) The preliminary levelling is done with the aid of the lower plate level 

which is less sensitive than the upper level. 

(8) Calling the three footscrews A, B and C, rotate the instrument until 

the plate level is parallel to two of them, say, A and B. Turn A and 
B in opposite directions imtil the bubble is centred in the plate level. 

(9) Turn the instrument through 180° until it is again parallel to the line of 

A and B. If the bubble is no longer central turn A and B m opposite 
directions until it occupies a mean position which can be found by 
noting the scale reading of one end of the bubble when it was centred 
in the tube after operation (8) and the reading of the same end when 
the instrument has been rotated through 180°. 

(10) Rotate the instrument 90° and bring the bubble to this mean position 

(not necessarily central) by means of the third footscrew C. 

(11) As it is impossible to be certain that the level is in exact alignm.ent 

with the footscrews in operations (8) and (9), it will be necessary to 
repeat (8), (9) and (10) once or twice to make the bubble occupy a 
constant position in its tube. 

(12) The final levelling is done with the aid of the altitude spirit level M. 

(13) Rotate the theodolite until the altitude level is parallel to one pair of foot¬ 

screws, say, A and B, and bring the two ends of the bubble into coincidence 

(as seen through the prism reader) by means of the setting screw U. 









34 Chap. Ill 

(14) Rotate the instrument through 180° until the altitude level is c^ain 
parallel to A and B, and bring the two ends of the bubble into coinci¬ 
dence again, making half the necessary adjustment by turning A and 
B in opposite directions and half by turning the setting screw U. 

(16) Rotate the instrument through 90°, and bring the ends of the bubble 
into coincidence by means of the footscrew C. 

(16) Owing to the difficulty of ensuring that the altitude level w^ p^allel 

to the footscrews A and B—operations (13) and (14)—it will be 
necessary to rejjeat (13), (14 and (15) once or twice to steady the bubble 
in all three positions. 

(17) The ends of the bubble should now remain in coincidence in any pointing 

of the theodolite, and the instrument is “ levelled," i.e., the axis is 
vertical. 

(18) If the lower plate bubble is not now central, bring it to the centre of 

its run by means of the capstan screw on the bubble tube holder. 

Optical Adjustment of the Telescope. 

The theodolite having been set up, the telescope is adjusted as follows : 

(а) Adjustment for distinct vision of the cross-wires. 

This depends on the observer’s eyesight and will vary vidth the individual. 
The eyepiece must be moved in or out until the cross-wires of the diaphragm 
are sharply defined. In the Tavistock model this movement is effected by twist¬ 
ing the eyepiece, and a locking screw is provided to keep it in position when 
set. This adjustment is most easily effected by turning the telescope on the 
sky to show up the cross-wires and then moving the eyepiece until they are 
sharply defined. 

(б) Focusing the telescope, and Elimination of Parallax. 

When the adjustment of the eyepiece is satisfactory, the telescope should be 
directed onto some distant and well-defined object and the focusing head H is 
turned until the object appears in sharp focus. When this has been done, the 
image formed by the object glass should be on the plane of the cross-wires. 

To test whether this is the case, move the eye slightly from side to side, or 
up and down, and note if the object appears to move relatively to the wires. 
If it does not move there is no parallax, and the focus is perfect. But if there 
is movement it is due to imperfect focusing or parallax, and this must be 
eliminated by a further small alteration in the focus. It will be found that 
parallax can be eliminated by a small movement of the focusing head without 
throwing the object out of focus. 

Adjustments (a) and (6) are always necessary when using the instrument. 
(Operation (5) above.) 

Adjustments of Optical System and Micrometers. 

The adjustments of each of the micrometers are three in number: 

(a) Elimination of parallax. 

\b) Adjustment of " light gap." 

(c) Adjustment of micrometers for “ run.” 

(а) The elimination of parallax is carried out on similar lines to those 
employed with the telescope. The eye-end of the micrometer can be rotated 
and the optical system is so arranged that the figures and graduations in the 
three rectangular apertures should be brought to a focus simultaneously. A 
locking screw is provided to prevent accidental rotation of the eye-end after 
the adjustment has been made. 

(б) The adjustment of the " light gap ” on either side of the setting index 
(aperture 3 in Fig. 11) is effected by moving a small glass plate interposed in 
the path of one of the rays from the engraved circle. This plate can rotated 
thereby giving an apparent lateral displacement to this ray. A special tool is 
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provided in the box for turning these deflecting plates : in the case of the 
^rtical circle, access to the plate holder is obtained by unscrewing a small 
cover plate (L') on the side of the vertical arm ; in the case of the horizontal 
circle access to the plate holder is obtained by removing a screw cap (L) on 
the side of the compartment containing the optical system. 

The best width of the light gap is about 30' as read in the micrometer by 
'[bringing first one circle graduation and then the other up to the setting index 
and noting the difference in the micrometer reading. To carry out the adjust¬ 
ment, proceed as follows (the operations are almost the same for each circle) : 

(1) Tighten all clamps. 

(2) “ Set ” the micrometer. If the light gaps are too wide or too narrow, 

turn the plate a little with the tool provided. 

(3) This will displace the image of one of the graduations : the amount of 

movement can be seen in the eyepiece as the operation is being 
performed. 

^4) Reset the micrometer. If the light gaps are still unsatisfactory, give a 
little more, or less, movement to the plate until they are right. 

This adjustment takes very little time and should not often be necessary. 



Plate E 



(c) Two objective systems each consisting of two parts, A and B (plates 
B and F), are moimted in each prism box, their purpose being to image the 
circle graduations at each end of a circle diameter in the correct focal plane 
•t the correct magnification. The objectives are so designed that the portion 
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A controls the magnification without having much influence on the plane in 
which the image is formed ; a movement towards B increases the magnification 
and vice versa. The portion B controls the plane in which the image is found 
and a movement towards A causes the image plane to move inwards and fall 
short of the focal plane. 

The correct image plane is that of the setting index and fine reading circle 
and, when these are clearly focused by the micrometer eyepiece, the circle 
graduations should also be clearly defined. 

One revolution of the disc carrying the fine reading scale corresponds to 20' 
of arc. If the image of a circle graduation happened to coincide exactly with 
the setting index at the beginning of the revolution, the image of the next 
circle graduation should make exact coincidence at the end of the revolution. 
If this is the case, the run of the micrometer for that side of the circle is 
correct. 

To test the run of the micrometer both circle divisions should be examined 
independently as follows: 

(1) Set the fine reading circle to zero (milled head E' or F') and bring the 

left-hand circle graduation close up to the setting index using the 
fine motion screw S* or T*. Rotate E' or F' until the next circle division 
is close up to the setting index. The fine reading circle should now 
indicate 20' within ± 6'. This tests the run of the graduations on one 
side of the circle. 

(2) Set the fine reading circle to 20' (milled head E' or F') and bring the 

right-hand circle graduation close up to the setting index, using the 
fine motion screw S' or T'. Rotate E' or F' until the next division is 
close up to the setting index. The fine reading circle should now 
indicate zero within ± 6'. This tests the run of the graduations on 
the other side of the circle. 

(3) If (I) and (2) are approximately correct a final test utilising both circle 

graduations should be made as follows : 

Set the light gap to about 30' as already described, set the fine reading 
circle to zero (with E' or F') and “ set the micrometer " by means of the 
fine motion screw (S' or T'). Rotate E' or F' until the second setting 
position is obtained (with the next pair of circle graduations) when 
the fine reading circle should read 20' within ± 2'. 

It is possible to have too low a magnification on one side of the setting index 
and too high on the other in which case the width of the light gaps will vary 
with different micrometer settings, although the run may read correctly. This 
cannot be the case if all three tests give satisfactory results. 

If when making tests (1) and (2) an error in run is found on testing the 
circle division on the left of the setting index, the left-hand optical system is 
at fault in the case of the vertical circle and the right-hand in the case of the 
horizontal ciicle. 

To take an example, suppose tests (1) and (2) are applied to the horizontal 
circle micrometer and that (1) gives a result in excess of 20' while (2) is approxi¬ 
mately correct. It is clear that the magnification of the left-hand circle spaces 
is too great and, in the case of the horizontal circle, the right-hand optical 
system in the prism box must be adjusted. To lower the magnification it is 
neces.sa^ to remove the small grub screw clamping the mount of the lens A 
and to insert a pointed tool through the screw hole in order to move the cell 
A away from B. If more than a very slight movement is required it will be 
necessary to move cell B also to bring the image of the circle divisions back 
into the correct focal plane. 

Testing the run of the micrometers is a simple matter, but the adjustment, 
if it is required, is a slow and laborious process. Fortunately it is not often 
necessary as, once in adjustment, there is no reason for any error to creep in. 
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To gain access to the vertical circle and prism box ; 

(1) Remove altitude spirit level and reader (M and M') (3 screws). 

(2) Unscrew spring boxes to vertical arm slow-motion (T') and altitude level 

(U) screws. 

(3) Remove vertical circle micrometer milled head (£') (1 screw). 

(4) Remove caps from top of standards (2 screws each). 

(6) Lift vertical arm and telescope off the standards. 

(6) Unscrew knurled ring retaining prism box. 

(7) Withdraw prism box from axis: this will expose the face of the glass 

circle. 

(8) Remove lid of prism box (6 screws). The optical system will now be 

exposed and the fine reading disc and mount can be drawn off its sup¬ 
porting pin for cleaning purposes, but care must be taken in reassembly 
to see that the relative positions of the rack and pinion are unaltered. 

To gain access to the horizontal circle and prism box : 

(1) Remove upper slow motion bracket (2 screws). 

(2) Detach guard ring from cover plate (6 screws). 

(3) Remove two-pin socket on tribrach (2 screws). 

(4) Unscrew cap at base of centre socket on tribrach. 

(6)' Take out the centre screw with tommy pin. 

(6) Tighten lower clamp, hold clamp arm and boss to prevent lifting and 

withdraw the upper part of the instrument, thereby exposing the 
horizontal glass circle. 

(7) Holding the upper part of the instrument upside-down, remove the three 

recessed screws on the base of the prism box. 

(8) The base of the prism box, to which the optical system is attached, can 

now be prised away from the upper part of the instrument. If the fine 
reading disc is removed for cleaning purposes, it must be replaced so 
that the relative positions of the rack and pinion are unaltered. 

Theory of Levelling. 

Theodolite Axis. —If all the clamps of the theodolite, with the exception of 
that of the lower plate, be tightened, the theodolite system is free to revolve 
about one axis only, i.e., the bearing axis of the hollow cone attached to the 
lower plate. If this free clamp be now tightened and the clamp of the upper 
plate be released, the theodolite system is again free to revolve about one 
axis only, i.e., the bearing axis of the spindle attached to the upper plate. It is 
the business of the maker to ensure that these two axes are coincident, and 
EBSuming that they are so, this conunon axis is called the theodolite axis. It is 
also the business of the maker to ensure that the lower plate which carries the 
horizontal graduated arc, is at right angles to this axis. 

Trunnion Axis. —^This is the bearing axis of the trunnions of the telescope. 
In many types of theodolite one end of this axis can be raised or lowered a small 
amount so that it can be adjusted to horizontality when the theodolite axis 
has been made vertical, but in the Tavistock instrument the bearings are 
rigidly attached to the upper plate standards and it is therefore the maker’s 
business to ensure that the trunnion axis is at right angles to the theodolite 
axis. 

Bubble Tubes. —A bubble tube consists of a hollow glass cylinder, closed at 
both ends and bent into the arc of a circle. The tube is almost filled with spirit, 
a small air-space being left. If the tube be tilted the air wiU travel along the 
tube in the form of a bubble, and the centre of the bubble will always occupy 
the highest part of the tube. The bubble tubes are provided for the purposes 
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of " levelling ” the theodolite, i.e., the process of making the theodolite axis 
vertical. 

Reasons for Levellii^. —^The angular measurements required in a survey are 
those taken in the horizontal and vertical planes. 

If, for instance, the angle between two objects, A and B (Fig. 12) lying at 
different levels is required, the angle subtended by the line AB.' (where B' is a 
point vertically below B and on the same level as A) must be measured, and 
not the angle subtended by the line AB. If the elevation of A or B is required, 
the angle in the vertical plane between A or B and the horizontal must be 
measured. 



Fig. 12 


Before a theodolite can measure angles in the horizontal and vertical planes, 
it is necessary to make the axis of revolution of the theodolite system vertical 
and the trunnion axis, about which the telescope turns, horizontal. 

Suppose, for instance, it is required to measure the angle between two 
points, A and B (Fig. 13), which are on the same level. 



Fig. 13 


(i) Assume that the theodohte axis is out of the vertical and inclined at an 

angle oc in the direction of A, and that the trunnion axis is at right 
angles to the theodolite axis. If A is intersected with the cross-wires 
and the instrument is then revolved in the direction of B, the cross¬ 
wires will traverse the line AB'. At B' the object end of the telescope 
is depressed and B is ihtersected, but the angle measured on the 
“ horizontal ” circle is that subtended by the line AB', not that sub¬ 
tended by AB. If the theodolite axis had been vertical, the cross-wires 
would have traversed the line AB as the instrument was turned, and 
correctly measured the angle subtended by this line. 

(ii) Suppose that the theodolite axis is vertical, but that the left-hand 

bearing of the trunnion axis (as seen from the eyepiece end of the 
telescope) is higher than the right-hand bearing and that it is required 
to measure the horizontal angle between two objects, A and B (Fig. 14) 
l5nng at different levels. 



Fig. 14 


If A is intersected with the 'cross-wires and the instrument is then revolved 
in the direction of B, the cross-wires will trace a horizontal path in the direction 
of B', a point yertically below B and on the same level as A. Elevating the 
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object end of the telescope, B is intersected, but owing to the slope of the 
trunnion axis, the cross-wires trace the line aB and the angle subtended by the 
line Aa has been measured, instead of that subtended by AB'. Now “ change 
lace,” i.e., transit the telescope through 180°, and repeat the process, the 
nigAl-hand trunnion will now be the higher and the angle subtended by the line 
Kb will be measured, B'a being equal to B'ii. The mean of the two angles will 
therefore be correct. 

It is clear from the figure that, if the difference in the elevation of A and B 
b required, the angle subtended by Ba or B6 will be measured since the trunnion 
axis is out of adjustment, and not the required angle which is that subtended 
by BB'. 

Theory of Levelling. 

If the theodoUte axis be made to lie in any two vertical planes simultaneously, 
it will be truly vertical in every sense. If, of the three footscrews A, B and C, A 
and B are utilised for tilting the theodolite into a vertical plane at right-angles 
to AB by operating these footscrews antagonistically, then C can be utilised for 
tilting the theodolite in a second plane approximately at right-angles to the 
first, and the second tilting will not seriously disturb the effect of the first. 





Fig. 16 represents the upper part of a theodolite in which the bubble tube 
l*Q IS rigidly attached to the vertical arm, as is the case in the Tavistock 
Instrument. The theodolite has been rotated until PQ is parallel to the line of 
I he footscrews A and B, and the bubble has been brought to the centre of its 
run by means of the clip screw U. The two ends of the tube are shown in 
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different colours and for convenience divisions at equal distances apart are 
shown on them. (The upper bubble tube is not so engraved in the Tavistock 
model). Since the tube is an arc of a circle and since the bubble occupies the 
highest point of the tube, a normal to the tube through the zero mark will 
indicate the vertical. The theodohte axis is inclined at some, as yet unknown, 
angle oc to the vertical and the problem is to make the two coincide. 

Turn the theodolite through 180° so that PQ again lies parallel to AB, but 
end for end, and if the position of the observer remains imaltered, everything 
on the movable part of the instrument except the position of the bubble will 
be symmetricEilly reversed about the theodolite axis. This is shown in Fig. 16. 



Suppose that in the new position, the bubble is found to occupy the space 
between the 1 and 6 marks on the P end of the tube, as shown in Fig. 16. 
The centre of the bubble, therefore, is at the 3 mark on the P end of the tube,' 
wdiereas in the first position it was at the zero mark. It is clear that the normal 
to the tube through the zero mark is now inclined at an angle 2 « to the 
vertical and the movement of the bubble provides a means of measuring this 
angle. The reversal of the theodolite had the effect of moving the bubble 3 
divisions along the tube towards the P end. If the clip screw U is now operated 
until the bubble has moved 1^ divisions (i.e., hdlf-vray) back towards Q, the 
normal to the tube through the zero mark will coincide with the theodolite 
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axis. Then, operate the footscrews A and B antagonistically until the bubble 
if moved a further 1 J divisions towards Q; the theodolite axis will now coincide 
with the vertical in a plane parallel to AB and the bubble will be central again. 
If the instrument is now turned 90°, the bubble can be centred by means of 
the third footscrew C and the theodolite axis will be vertical in every plane. 
As explained in the procedure for levelling, it will probably be necessary to 
t«Mat these operations once or twice- to steady the bubble owing to the difl&- 
culty of ensuring that the bubble tube is placed exactly parallel to any pair of 
footscrews. 

It has been assumed for convenience that the theodolite axis passes through the 
centre of curvature of the bubble tube, but the investigation remains the same if 
f normal to the circumference of the tube can be drawn parallel to that axis. 

IRSTRUKENTAL ADJUSTMENTS. 

It is impossible to make an absolutely perfect instrument which would 
Iclways give perfect results, and every theodolite is subject to veirious errors 
of adjustment. These errors, in the order in which they should be corrected, 
arc as follows: 

1. Micrometer Errors. 

2 . Horizontal Collimation. 

3 . Verticality and Horizontality of Diaphragm Wires. 

4. Dislevelment of the Transit Axis. 

5 . Vertical Collimation and Index Setting Error. 

1. Micrometer Errors.—These have already been discussed and the methods 
of testing and eliminating them have been explained. 

2. Dislevelment of the Transit Axis.—^When the theodolite axis is vertical, 
the transit axis, about which the telescope turns, should be horizontal, i.e.’, 
at right-angles to the theodolite axis. To test whether this is the case, proceed 
as follows: 



(а) Set up the theodolite as close as possible to a tall building, insert the 

diagonal eyepiece in the telescope and level the instrument carefully. 

( б ) Sight on some sharply defined point A on the eaves of the building above, 

and adjust the telescope for parallax at this range. 

(e) Bring the intersection of the cross-wires approximately on to A, clamp 
both plates and make absolute coincidence with the slow-motion screw. 
(i) Rotate the telescope in its trunnions until it is roughly horizontal and 
points away from the building. 
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(<^) 

(/) 

(g) 

(h) 


(0 


Place a levelling staff B horizontally across the line of sight and at such 
distance that it is clearly in focus without the necessity of altering the 
adjustment of the telescope. 

Bring the cross-wires onto the staff and note the reading. Suppose it is 
2 - 86 . , . 

Without changing face, unclamp the lower plate, turn the instrument 
through 180° and intersect A again. 

Rotate the telescope in its trunnions, intersect the staff B again and 
note the reading on this face. If the two readings are the same the 
transit axis is horizontal: if not, it is out of adjustment. Sup^se 
the reading on this face was 3-01, then the vertical plane through A 
must cut the staff at the mean reading 2-93. 

Raise or lower the adjustable trunnion by means of the capstan OTew 
on the standard until by further repetitions of operations (c), (d), (/), 
(g) and (h) the instrument is found to give the correct reading. In the 
Tavistock model the trunnion cannot be adjusted, and if there is 
serious dislevelment of the trunnion axis, the instrument should be 
returned to the makers. 


3. Vorticality and Horizontality of Diaphragm Wires.—The correct ^sitions 
for these wires are cut on the diaphragm by the maker so that the lines cut 
each other at right-angles. Therefore, if one is adjusted, the other should be 

^°Level the instrument and intersect a small well-defined object with the 
vertical wire. If it continues to be bisected by the wire as the telescope is 
elevated or depressed, no adjustment is necessary. If not remove the dia¬ 
phragm cover J (plate B) and slack off the holding screws sufficiently to enable 
the ^aphragm to be revolved until this condition is secured, when they cm 
be tightened up again, and the cover replaced. If a sea horwon is avadable, 
the test may be made by laying the horizontal wire on it and noting whether 
the wire makes contact throughout its length. 

4 Horizontal Collimation.—The “ line of collimation ” may be considered 
as the imaginary line from the intersection of the cross-wires to the optical 
centre of the object glass and it should cut the axis of vertical motion (the 
transit axis) at right angles. The above definition of the “ line of collimation 
is not mathematically correct except for an infinitely thin lens, but it serves 
the present purpose. 

9 


Fig. 18 


In Fig. 18 tti denotes the transit axis ; when the line of collimation coincides 
with the perpendicular to tti, or the line pp„ the instrument is in collimation, 
and if the telescope be made to describe a semi-circle in its bearings, its line 
of collimation produced will pass through the zenith, describing a ^eat circl^ 
But if the line of collimation be represented by ow, then the semi-circle traced 
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out will be presented by ooi the false zenith being z,. while the arc described 
will be that of a small circle. In other words, by changing face, the ob]^t end, 
or 0 will arrive at o„ while the wires, w, will describe a small circle and reach 
w Thus if an object on the horizon, when intersected on face left, gives a 
thorizontal circle reading of a°, when face is changed and the object intersected 
^ again (by turning the telescope in azimuth), the second rea<hng, instead of 
being exactly a°+ 180°, will differ from the first reading by 180 ± ow^. 

The error in collimation will, therefore, be ; 

To test and eliminate horizontal collimation error: 

(а) Carefully level the theodolite and clamp the lower plate. 

(б) Intersect a well-defined object, approximately on the ^me level as the 

theodolite, with the vertical wire. Read and book the angle, e.g. 

F.R. 79° 15' 38' 

Add 180 00 00 

259 15 38 .(i) 

(c) Change face and intersect the object again. 

(d) Read and book the angle, e.g. : 

F.L. 259° 36' 40'.(u) 

F.R. 259 15 38 (from (i) ) 

2) 518 52 Is 

Mean 259 26 09 .(iii) 

le) With the milled head F' (plate C) bring the circle reading (as seen in 
apertures 1 and 2. Fig. 11) to 259° 26' 09'. and re^t the micrometer 
by means of the slow motion screws S' and S . This will throw the 
vertical wire off the object. 

(/) Unmask the diaphragm adjusting screws by removing coyer J (Plate B) 
and by operating the two side screws antagonistically, bnng the vertical 
wire onto the object again. Before replacing cover J make sure that the 
diaphragm has not been rotated during the process of adjustment, by 
laying the horizontal cross-wire on the sea horizon and noting whether 
it coincides throughout its length or alternatively whether the vertical 
wire coincides with a plumb line intersected at a convenient distance 
from the theodolite. (See 3 above.) 

(g) It may be necessary to repeat the process of adjustment to eliminate 
the error entirely. 

B. Vertical CoUimation and Index Setting Error, or Dislevehnent of Line of 
Vertical Micrometer Zeros—Before considering the adjustments necessa^ to 
eliminate the effects of the above, the relations between those parts of the 
theodolite which revolve about the trunnion axis, should be clearly understood. 
Referring to plates B and C of the Tavistock theodolite, the vertical am, 
containing the optical system for reading the vertical circle and to which the 
altitude spirit level M is rigidly attached, forms one unit which can be given 
a small angular movement by means of the setting screw U. ^y movement 
of the vertical arm alters the position of the setting index, which acts as the 
reference mark for vertical angles, in relation to the vertical circle and telescopy 
The two latter parts form another and independent unit which can be rotated 
through 360° round the trunnion axis ; normally they move ^ one, but for 
the purposes of adjustment a small movement of the vertical circle m relation 
to the telescope can be given by means of the zero setting adjustinent screw N. 
The line of collimation should coincide with the instrumental axis of the 
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Fig. 19 



Fig. 20 
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telescope, and if, when the instrument has been levelled, the axis of the teles¬ 
cope could by some means be made horizontal, the position of the setting index 
relative to the engraved circle should be such that the vertical circle micro¬ 
meter reads 90° exactly. If this reading is found to be in error, there is no 
ready method of finding out in the field what proportion of the error is due to 
faulty collimation, i.e., the horizontal cross-wire not being coincident with the 
I fctttrumental axis of the telescope and what proportion is due to an incorrect 
I relationship between the positions of the vertical circle and its setting index. 
This difficulty, however, can be overcome by a method of adjustment which 
panders to any existing collimation error by throwing a compensating error 
mto another portion of the instrument, thus eliminating the effect of vertical 
collimation and ensuring that the micrometer readings give the correct values 
of the required angles. 

The relations between the telescope, vertical circle, vertical arm and the 
upper plate are shown in Figs. 19-22. 

These figures represent a theodolite fitted with two micrometers, a vertical 
circle graduated from 0° to 360° and a bubble tube which can be given a small 
adjustment relative to the vertical arm, but the general principles covering the 
measurement of vertical angles are the same in the Tavistock instrument. 

If the line of sight be directed on some object after the theodolite has been 
levelled and with the bubble central in its tube, as in Fig. 19, the angle which 
la read as the elevation or depression of the object is that between the line 
Joining the scale zero to the scale division diametrically opposed (line of scale 
■eros) and the line joining the indices of the micrometers (Ime of micrometers.) 
In Fig. 19 this angle is oc -f E -1- p, where oc is the vertical collimation, E is 
the true elevation and p is the dislevelment of the line of micrometers. The 
angle read is burdened with two errors, the scale or collimation error oc , and 
the dislevelment of the line of micrometers p. Now if the view point remains 
unchanged, but the theodolite be rotated 180° about its vertical axis, the 
telescope will assume the position shown in Fig. 20, still face left. The line of 
; micrometers will still be inclined at an angle p to the horizontal. If the telescope 
b now rotated in its trunnions until the reference object is again intersected 
by the cross-wires, the position will be as shown in Fig. 21, the telescope now 
being on face right. The line of sight will still be inclined at the same angle 
E to the horizontal, but the circle reading, which is still the angle between the 
line of the scale zeros and the line of the micrometers, will be E — oc — p. 
If, therefore, the elevation is read on each face, it will be seen that the mean 
b E, the true elevation of the object. The process of adjustment for vertical 
collimation and dislevelment of the line of scale zeros consists in making the 
angle oc equal but opposite in sign to the angle p, so that, when the adjustment 
b completed, the state of affairs is as shown in Fig. 22. It will be seen that the 
I wo errors then cancel out, and the true elevation is read on the circle. 

Procedure for testing and eliminatif^ the effect of vertical collimation : 

(а) Set up and level the theodolite carefully. 

(б) Select a distant object with a well-defined horizontal edge, such as the 

roof of a house. 

(c) Bring the horizontal cross-wire onto the object, making sure that the 

bubble in the altitude spirit level is central. Read and book the vertical 
cu%e reading : suppose it to be 50° 10' 30*: call this Ej. 

(d) Change face and repeat (c). Suppose the vertical circle reading is now 

129° 49' 56* : call this E,. 

{$) Then Ei -f- E* = 180° 00' 26*. If there was no error, Ej -f E, would equal 
180° exactly, so they must be made to do so by moving the vertical 
circle in relation to the telescope and setting index, thereby reducing 
each reading by half the total error. 
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ij-ace Right^ 



r~ E -/s 


Fig. 21 
(Face Right) 


Bubble in the centre of its run 



Fig. 22 
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(/) Keeping the telescope clamped, make the micrometer reading 129° 49' 43", 
using the milled head E' (Plate B). " Reset ” the micrometer by 

operating the capstan-headed screw N on the telescope barrel. 

(g) Repeat operations (c) and (rf) to check the adjustment. 

The above procedure refers to the Tavistock model theodolite. In other 
types the vertical circle is usually rigidly attached to the telescope and the 
style of graduation is different. Irl instruments such as the 5' micrometer 
transit theodolite, the adjustment for vertical collimation may be made as 
follows : 

(i) Carry out operations (a) to (i) as above. 

(ii) Take the mean of the readings Ej and E, : call this E. 

(iii) By means of the vertical circle slow-motion screw move the vertical 

circle in relation to the micrometers until the reading of the micro¬ 
meter, which has been used in (c) and (d) shows the mean elevation E. 
This operation will move the horizontal wire off the object. 

(iv) Bring the horizontal wire on the object again by means of the clip-screw. 

This operation will throw the bubble off the centre of the tube. 

(v) Bring the bubble back to the centre by means of the capstan screws on 

the end of the bubble tube. 


CLEANING AND REPAIRS. 

The theodolite should always be thoroughly dried before being stowed away 
in its box if it has got wet during use by rain or sea-water. !]&yond this, it 
normally requires very little attention. A little olive oil should be smeared on 
the upper and lower plate axes and on the telescope trunnion bearings from 
time to time. Access to these parts can be gained by following out the initial 
stages of the instructions in the paragraphs dealing with the adjustments of 
the Optical System. The footscrew sockets and the movable portions of the 
clamping brackets also require a little oil occasionally: 

The diaphragm wires are liable to be broken or to become slack through 
damp, and every surveyor should be able to replace them if required. The 
spare glass diaphragm can be temporarily used but there is some loss of light 
with this fitting and it is not so efficient as the ordinary “ webbed ” diaphragm. 
The best material for the purpose is spider’s web—the garden spider produces 
the finest variety—or a fibre of raw silk. 

To replace broken webs, remove the diaphragm ring and the old wires, and 
thoroughly clean out the engraved cuts with spirits of wine and Wcirm water. 
Prepare a few rectangular cardboard frames, about 3 ins. by 2 ins. Place a 
spider on the edge of one of them and shake gently to detach it so that it will 
hang by its web. Wind up the frame as the spider falls, with the turns wide 
apart, and secure the end in a notch on the cardboard. If the web is too thick, 
starve the spider for a day or so. The process may then be repeated for as 
many cards as are likely to be required. With the aid of a magnifying glass, 
select a clean, uniform piece of web from one of the cards and holding the 
frame over the diaphragm ring, lower it onto a table so that the web falls into 
(he proper cuts. The weight of the frame will keep the web taut and a drop of 
balsam or copal varnish, dropped onto the cuts and allowed to dry, will hold 
the web in position. 


METHODS OF OBSERVING. 

The acciu-acy of the whole survey depends on the horizontal angles which 
connect the stations forming the framework, and the measurement of these 
angles is therefore a matter of the greatest importance. 
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All methods of observation are designed to eliminate instrumental errors as 
far as possible, for however carefully the various adjustments are carried out, 
it is impossible to make them absolutely correct. 

HORIZONTAL ANGLES.—To eliminate the effect of dislevelment of the transit 
axis and want of adjustment of the line of collimation, an equal number of 
observations should be taken on each " face ” of the instrument, that is, with 
the vertical arm on the right (F.R.) and left (F.L.) of the telescope, as seen 
from the eyepiece end. To eliminate any twist or strain of the instrument, each 
series of observations should be taken ^temately on opposite swings, that is, 
all the objects are intersected seriatim by turning the theodolite alternately 
clockwise and anti-clockwise. Errors due to eccentricity of the graduated 
circle are automatically eliminated by the optical system in the Tavistock 
and some other theodolites; in other models it is eliminated by meaning the 
readings obtained with two or more micrometers symmetrically disposed 
roimd the circle. Other errors of graduation are eliminated as far as possible 
by repeating the observations on different parts of the circle. 

Two methods by which horizontal angles may be measured with a theodolite 
are: 

(1) The Direction Method. 

(2) The Repetition Method (or Repeating Angles). 

(1) The Direction Method. 



If angles are required at the station O (Fig. 23) to the points A, B, C, D and 
E, the theodolite is set up and levelled over the ground mark at O, and the 
telescope and micrometers adjusted for focus and parallax. The procedure is 
then as follows: 

(а) Select a station, say A, as a starting point, or Reference Object (R.O.). The 

point selected as R.O. should be a well-defined object at a good distance 
from the observer, though not so far that it is likely to be obscured 
by haze during the period of the observations, and should, if possible, 
be one of the main trigonometrical stations of the survey. When 
taking angles with a theodolite to floating marks from a shore station, 
it is essential to have a fixed R.O. and if no other trigonometrical point 
can be seen, some arbitrary point, such as a tree-trunk, or an 
artificial mark, such as a stake, must be selected for the purpose. 

(б) See that the various slow-motion screws are roughly in the centre of 

their runs. 

(c) Clamp the lower plate, and turn the upper plate until the horizontal 
circle reading is approximately 360° (say, within 1'); then re-clamp, 
(i) Unclamp the lower plate and bring the cross-wires nearly onto A: 
re-clamp and bring the vertical wire onto A by means of the lower 
plate slow-motion screw. 
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(e) Unclamp the upper plate and rotate it through nearly 360° clockwise, 
stopping it just before the vertical wire reaches A, then re-clamping 
again. 

(/) Bring the vertical wire onto A with the upper plate slow-motion screw. 
It is not essential that the horizontal wire should also be on A and it will 
generally be found more convenient to adjust the line of sight so that 
A appears slightly above or below the intersection of the cross-wires, 
all other stations being then intersected in a similar manner. 

(g) Read and book the horizontal circle reading which should be about 
360° 00'. If the instrument is fitted with two separate micrometers 
for the horizontal circle, both should be read and booked. 

(A) Unclamp the upper plate and rotate it clockwise, stopping it just before 
the vertical wire reaches B, and then re-clamp. 

(t) Bring the vertical wire onto B with the upper plate slow-motion screw 
and read and book the horizontal circle reading. 

(;■) Similarly for the stations C, D and E; finally, intersect A again, con¬ 
tinuing the clockwise motion of the theodolite throughout. The 
second circle reading of A should be the same as the first within ± 10' 
(with the standard Tavistock model). If it differs by more than this 
amount, the instrument has presumably been disturbed during the 
round of angles, and the whole round should be repeated until satis¬ 
factory agreement is obtained. Assuming the instnunent was in the 
F.R. (face right) position to start with, this completes one series of 
observations in the " Face right. Swing right ” position. 

(A) Transit the telescope, thereby changing to “ face left ” (F.L.), andrep^t 
operations (/) to {j), starting and finishing with A, but observing 
the remaining stations in reverse order by turning the theodolite 
anti-clockwise throughout the series. The circle reading of A on 
this “ face " will be approximately 180°. This completes one set of 
observations. 

(/) Repeat the entire series of observations on F.L. and F.R., using a different 
“ zero,” i.e., in operation (c) set the horizontal circle reading to 225° 1' 
(say) so that the angles be measiured on different parts of the 
arc. 


The number of repetitions will depend on the nature of the survey. In 
|)cimary triangulation six or more zeros are used, but in hydrographic surve^ 
the following system should generally give a sufficient standard of accuracy : 

is.z»o {ZZ 
2 »dzero {^:j: li: ■■ 

If the trian^lation is likely to embrace a large area or if very long rays are 
involved, additional roimds of angles should be observed as follows : 

o,.j r 90° 2' F.R., swing R. 

3rd Zero Igvo" 2' F.L., „ L. 

,,, /316° 3' F.L., „ L. 

4th Z-ro 3 , p p 


Angles to secondary points and sounding marks need only be observed on 
one zero, but a complete set, i.e., a series on each face, should always be obtained, 
All prominent objects, which may be of value as marks, should be included in 
this series. 

The most convenient method of booking the angles is to place all the obser¬ 
vations to one station together, as in the example overleaf: 
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Survey. Theodolite. 

Name of Station. Height of theodolite above surface mark. 

Letter of Station . Height of beacon above surface mark .. 

Observer. Weather. 

Date. 



the readings at the end of thfe round. The means-of the first and last readings 
of A are accepted. The reduced angles in column 6 are found in the case of 
B, C, D, etc., by subtracting the mean readings of A from the corresponding 
readings of the station. 

(2) Repetition Method. 

In this method the observations of each angle are completed separately. 
It is rather slower than the Direction Method, but should give a high standard 
of accuracy. The procedure is as follows : 

(а) Set the horizontal circle reading to approximately 360° ; imclamp the 

lower plate, and bring the cross-wires nearly onto the selected station 
(station 1), and re-clamp. 

(б) Intersect station 1 by using the lower slow-motion screw, and read and 

book the horizontal circle reading. 

(c) Unclamp the upper plate and, swinging right, intersect the next station 
(station 2) by using the upper slow-motion screw. This constitutes one 
repetition. Read and book the horizontal circle reading ; this is done 
to prevent gross errors. 

{d) Unclamp the lower plate and intersect the original station 1 again, using 
the lower s'ow motion screw. Note that the circle reading has not 
changed since the second object was intersected. 
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{$) Unclamp the upper plate and again intersect station 2, and so on, repeat¬ 
ing the procedure six times in all. After the sixth repetition read and 
book the horizontal circle reading. 

(/) Change face and intersect station 2 with the lower plate motion. 

{g) Free the upper plate and intersect station 1, and repeat the process six 
times in a similar manner to that used before. After the sixth repe¬ 
tition read and book the horizontal circle reading which should be the 
same (within, say ± 10") as the initial reading when the measurement 
was started. 

The method of booking the readings is shown in the following example : 



Six repetitions on each face should give sufficiently accurate results for use 
In hydrographic surveys, but if greater accuracy is required additional sets 
can be observed using different initial settings of the horizontal circle. If 
angles are being taken by the repetition method to a number of objects, such 
a» A, B, C, D and E (Fig. 23), the fifth angle which “ closes the horizon ” 
ahould also be measured although in theory this angle can be deduced from 
the sum of the other four. It will generally be found in such cases that the 
angles in column 6 do not sum to exactly 360°, and they should be made to do 
«> by equal adjustments. 

VIRTICAL ANGLES. 

The vertical angle to an object is the angle measured in the vertical plane 
l>ctween that object and a horizontal line through the trunnion axis of the 
Instrument. Vertical angles, i.e., elevations and depressions, are required 
i«)r determining the heights of various points in the survey. To measure vertical 
angles, make one observation on each face of the instrument to eliminate any 
unadjusted error in the line of vertical coUimation and in the relative positions 
«i( the setting index, or line of micrometers, and the graduations of the arc. 
The construction and graduation of the circle in double-reading theodolites 
differ slightly from those fitted with two or more independent micrometers. 

Pnteadure with Tavistock Theodolite. 

(а) Set up and level the instrument carefully, and measure and book the 
lielght of the trunnion axis above the surface mark. 

(б) Leave the upper plate clamp free, intersect the object carefully with the 
iMirisontal wire, using the vertical slow-motion, and make sure that the two 
mmU of the bubble in the upper level, as seen in the prism reader, are absolutely 
• nincident when perfect intersection is made, if necessary adjusting the bubble 
♦® coincidence with the altitude level setting screw. 

It will probably be found convenient to make the intersection slightly to 
the right or left of the vertical wire. If this is done, the intersection should 
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be made on the opposite side and at the same distance from the vertical wire 
when face is changed. 

(c) Read and book the vertical circle reading, e.g., 41® 10' 18*.(1) 

{d) Change face and repeat operation (b). 

(e) Read and book the vertical circle reading, e.g., 138° 49' 20*...(2) 


This completes the measurement. If the adjustments were perfect, (1) and 
(2) should sum to 180°, but in this case the sum is 179° 59' 38*. There is 
therefore an index error of 11*, i.e., half the difference between the sum of the two 
circle readings and 180°, and as the sum is smaller than 180° in this example, 
the index error must be added to each reading. The corrected readings are 
therefore 41° 10' 29* and 138° 49' 31*. As a reading of 90° on the circle of the 
Tavistock instrument represents the horizontal, the true elevation of the object 
is 48° 49' 31*. 


Procedure with Theodolite Fitted with Independent Micrometers. 

The operations are the same as with a double-reading theodolite, but as the 
position of the bubble in the upper level cannot be directly seen by the observer at 
the eyepiece end of the telescope, it is necessary in operations (6) and {d) to centre 
the bubble before the observations, and since it cannot be relied on to remain 
perfectly steady, its position- in the tube must be read immediately after each 
observation. If, as will often be the case, the bubble is not central after the 
observation, it is necessary to apply a correction to vertical angles correspond¬ 
ing to the displacement of the bubble. The value of this " bubble " correction 
can be found by noting the positions of the two ends of the bubble in the tube, 
the upper surface of which is usually graduated with a scale of equally spaced 
divisions. The angular movement of the bubble tube in the vertical plane 
corresponding to a movement by the bubble of 1 division along the scale is also 
usually marked on the tube, e.g., 1 div. = 10*. This value, however, cannot 
be regarded as constant, since the size of the bubble varies with changes of 
temperature, and it should be checked from time to time in the following 
manner: 

Call the scale reading of the object-glass end of the bubble O, and that of 
the eyepiece end E. Select an object with a well-defined horizontal edge and 
bring the bubble near one end of its run in the tube with the aid of the clip- 
screw (corresponding to the altitude level setting screw in the Tavistock instru¬ 
ment). Intersect the object with the vertical motion and read and book the 
circle reading and the position of one end, say, the O end of the bubble. With 
the clip screw bring the bubble nearly to the other end of its run and intersect 
the object again with the vertical motion. Read and book the circle reading 
and the O end of the bubble. Thus : 

Elevation. O end of bubble. 

1st Observation .. 10° 12' 28* 16 

2nd „ ..10 10 02 4 

2 ' 26* 12 

Value of 1 division = = 12*-2 

This operation should be repeated several times to get a good mean value. 

The position of the centre of the bubble is the mean of the O and E readings ; 
if the tube scale is divided outwards from the centre and the graduations 
towards the 0 end are regarded as positive and those towards the E end as 

O 4- E 

negative, the position of the centre of the bubble is ^-T —, and the correction 
to the circle readings is x the value of 1 division of the scale. If the O 
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reading is the greater, the correction is positive to elevations, n^ative to 
depressions, and vice versa. Example : 

The value of 1 division on bubble tube = 12' 


Face Right; O E 

Elevation (mean of C and D micrometers) = 21° 10' 18' +6 — 1 

Correction = ^ ~ ^ X 12' - .. .. = +24 


Corrected elevation 

21 

10 

42 . . 

.( 1 ) 

Face Left: 




O E 

Elevation (mean of C and D micrometers) 

= 21 ° 

09' 

30' 

+ 8+2 

Correction - + ^ +^ X 12" .. 

= + 

1 

00 


Corrected elevation . 

21 

10 

30 . . 

.( 2 ) 


True elevation (t.e., mean of (1) and (2) )= 21° 10' 36' 

The above rule for the sign of the bubble correction is general whatever 
method is used for graduating the vertical arc, provided the circle readings 
are always reduced to actual angles of elevation or depression. 

Notes on Observing Horizontal and Vertical Angles. 

(1) Centring of Theodolite. —It is most important to centre the theodohte 
carefully over the groimd mark. This is esp^ally the case when observing 
short rays, as any error due to eccentricity varies inversely as the length of the 
ray. An eccentricity of 6 inches may produce an error of 17' in a ray one mile 
in length. 

(2) Comfort of Observer.—Accura-cy of observation is greatly facilitated if 
the observer has unimpeded access to the theodolite on all sides and can get 
his eye easily to the telescope and micrometers, with his feet planted on firm 
ground. This should be borne in mind by the surveyor when he selects the 
positions of his trigonometrical stations. 

(3) Protection from Sun. —Exposure to the hot sun of one side of the theo¬ 
dolite is likely to cause twisting of the instrument during use, and, if possible 
it should be protected from the sun’s rays. 

(4) Clamps. —In observing horizontal angles the vertical motion should 
either be very lightly clamped or undamped altogether. Similarly in observing 
vertical angles the upper plate should be left free. 

(6) Times for Observing. —^The atmosphere usually appears clearer and, 
steadier in the morning and evening and these are generally the most suitable 
times for observing horizontal angles. At these times, however, refraction, 
which aiffects horizontal angles very little, is liable to be variable, and vertical 
angles should therefore be observed in the middle of the day. 

False Stations 

It frequently happens when angular measurements are to be made that the 
theodolite cannot be centred directly over the observing station ; this will 
be the case when objects such as church spires and chimneys are used as 
trigonometrical points of the triang^tion. Sometimes, also, angles to other 
marks can only be secured by moving the theodolite a short distance to one 
•ide of the observing station. In such cases, the observed angles at the “ False 
(or Satellite) Station ” must be corrected. This can be done provided : 

(а) The distances to the observed marks are known: a rough plot will usually 

give these with all required accuracy. 

( б ) The distance and theodolite reading of the true station, i.e.. of the centre 

of the observing station itself, are measured from the false station. 















Chap. Ill 


64 

The method of correcting the observed angles is as follows : 



Fig. 24 


In Fig. 24, D is a station from which angles are to be observed to A, B and C. 
Owing to the nature of the mark, the theodolite cannot be erected over the 
centre of the station but has to be placed at X, a short distance, DX, to one side. 
At X horizontal angles are measured between A, B and C and the centre of 
the true station D. Horizontal angular measurements are usually recorded 
as a series of directions or theodolite readings and, in finding the false station 
corrections, it is convenient to think of angles in this way. The angles ADB, 
BDC and CDA or, in other words, the directions DA, DB and DC are required, 
whereas the directions XA, XB and XC have been measured. To make them 
agr«e with DA, DB and DC it is evident that the directions XA, XB and XC 
must be corrected by the angles A, B and C respiectively. The distances DA, 
DB and DC are measured from a rough plot and DX is measured on the ground. 
The required corrections are given by the formulae : 

e- A DX sin DXA 

(1) SmA =- ^ - 


(2) Sin B = 

(3) Sin C = 


DX sin DXB 
DB 

DX sin DXC 
DC 


The angles DXA, DXB and DXC are found by subtracting the theodolite 
reading of the true station D from those of A, B and C respectively, if necessary 
increasing any of the latter by 360°. The corrections can be calculated precisely 
by these formulae, taking care that the distances DA, DB and DC are 
expressed in the same unit of measurement as DX. When, as usually happens, 
DX is very small compared with DA, DB and DC, the corrections can 
normally be found with sufficient accuracy as follows : 

If perpendiculars are drawn from X onto DA, DB and DC, their lengths 
represent the distance subtended by XD at A, B and C respectively. These 
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•ubtended distances can conveniently be taken out of a traverse table, using 
XD as the “ distance ” and the angles DXA, DXB and DXC as the " courses.” 
The subtended distance is taken out under the heading ” Diff. Lat." if the 
" course ” lies between 045° and 135° or between 225° and 315°, and under 
the heading “ Dep.” if the " course ” lies between 315° and 045° or between 
135° and 225°. The corrections to the observed angles are then given by the 
following formula which can be worked out on a slide rule: 

Distance subtended (in feet) X 34 

Correction to angle (in secs.) = Distance of object in sea miles (of 6,080 feet) 

The signs of the angular corrections can be found from the following rule : 

From the theodolite reading (increased by 360°, if necessary) it is desired to 
correct, subtract the reading of the true station : call the remainder 0. If 0 
i* less than 180°, the correction is positive to the theodolite reading, and vice 
f>ersa. Example : 

In Fig. 24, the distance XD is 12-7 feet and the theodolite reading of D is 
805°. 


Ob*d. 

Sta¬ 

tion. 

Distance 

Theodolite 

Readings. 

0 

Subtd. 
Dist. of 
XD (ft.). 


Corrected 

Readings. 

A 

900 

360 00 00 

55 

10-40 

-1-39-3 

360 00 39-3 

B 

10-21 

144 40 22 

194i 

3-21 

-10-7 

144 40 11-3 

C 

8-36 

268 02 30 

323 

7-64 

-31-1 

268 01 58-9 


It is customary to adjust the corrected reading of the reference object or 
tero mark (in this case A) to make it exactly 360°, and to do this a Mcond 
correction, equal but of opposite sign to that of the zero mark reading,^is 
applied to all the readings. In this example, then, a second correction of — 39'-3 
would be applied to all corrected readings. 

The problem can also be solved by the use of a nomogram or with a diagram 
for " Correcting False Stations.” 
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CHAPTER IV 
TRIANGULATION 


Planning Triangulation. 

The marks, by which the detail of a hydrographic survey is fixed, may be 
divided into three categories : 

(1) The Stations of the Mun Tiiangulation. 

These are fixed in relation to each other by very careful angular measurements 
and their, individual positions are precisely calculated. In order thait the 
quantity of observations and calculations may be kept within reasonable 
bounds and to avoid the accumulation of error, which is almost certan to 
occur in chains of small figures, the number of stations forming the main 
triangulation system should be kept down to the minimum which will fulfil 
the essential requirement of furnishing a suitable framework for the survey. 

(2) Secondary Stations. 

These are required for providing an increased density of control which will 
often be necessary in some parts of the survey, e.g., where the configuration 
of the coast is very involved. Their positions relative to the main framework 
will generally be calculated, but as the sides connecting them will be short 
and will not be used for extending the survey in any direction, a lower standard 
of accuracy in the observations connecting them may be accepted. Sextant 
angles may sometimes be used for fixing secondary points. 

(3) Sounding Marks. 

Under this heading may be included all other survey marks, natural and 
artificial, by which the soundings, coastline and topography are fixed. Their 
positions are not calculated trigonometrically but depend on the protraction 
on the plotting sheet of observed angles from the main and secondary stations 
or from positions dependent on these. 

The density of the control 'provided by the triangulation will depend partly 
on the scale of the survey. The larger the scale the more sounding marks will 
be necessary to enable the surveyor to fix the detail in any part of the survey 
area. As these marks are fixed by the protraction of angles, sufficient main 
and secondary stations must be located within the limits imposed by the size 
of the plotting sheet and instruments to enable them to be plotted. In harbour or 
other large-scale surveys, therefore, the stations forming the main triangulation 
may be only a mile or less apart. In surveys of larger areas, the sounding marks 
will be relatively fewer and they can be plotted from the stations of the much 
larger framework which can be contained within the limits of the plotting sheet. 
The density of the control will also depend largely on the character of the coast. 
An irregular coastline will normally require a more complex system of triangula¬ 
tion than an open one, but when the irregularities are confined to small portions 
of the whole survey, the case can generally be met by small secondary systems 
of triangulation which should be in the form of connecting links between two 
parts of the main network though not used as integral parts of the latter. 

In planning a triangulation scheme for the survey of a given area, the aim 
should be to provide a network of fixed points which will entirely enclose it. 
The network takes the form of a series of geometrical figures and the siting of 
the stations should be such that these figures are well-conditioned or, to put 
it in another way, that the " rays ” connecting any station form a good " cut." 
Whenever possible, each main station should be connected by observation to 
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three or more other points in the system. In order to provide a check on the 
accuracy of the observations and plotting, every sounding mark must be fixed 
by at least three rays forming a good " cut ” at it, and, to secure this, it is 
usually desirable to provide a framework which not only embraces the actual 
area of the survey but also extends some distance beyond its limits. 

•The most essential requirement in the selection of sites for main stations is 
that they should have as good an all-round field of view as possible. In con¬ 
sequence, hill summits, ridges, small isolated islands and conspicuous buildings, 
such as lighthouses and church towers, are usually the most suitable positions. 
Hill summits often require a great deal of clearing before they can be used, 
but time so spent will generally be well repaid in the increas^ value of the 
station itself. Marks low down near the shore may be easy to fix but they 
will seldom be useful for extending the triangulation. 

When reliable maps are available, a general scheme of triangulation can 
often be evolved before a place is visited and this is a consideraWe saving of 
time although it invariably happens that some minor modifications of the 
scheme are found necessary when the ground is inspected. If reliable geodetic 
data can be obtained from local sources, the scheme of triangulation must be 
designed with a view to making connection with the local survey points. In 
unmapped districts it is essential to carry out a preliminary sketch survey before 
planning the triauigulation. 

In planning triangulation there is little to choose between a chain of quad¬ 
rilaterals and a chain of polygons with central stations. The quadrilateral, if 
well conditioned, is a slightly “ stronger ” type of figure, i.e., errors of obser¬ 
vation have less effect on the accuracy of the final result, but the polygon, with 
five or more sides, covers a larger area for a corresponding number of stations 
and its adjustment and computation is somewhat simpler. 

TrI ANGULATION 

The framework, on which the survey depends, consists of a number of 
marked points on the earth’s surface. These points must be fixed in relation 
to each other so that they can be plotted in corresponding positions on paper. 
If imaginary lines are drawn connecting the fixed points, we have a series of 
geometrical figures known as the " Triangulation." The relative positions of 
any two points must be determined by measuring the length and direction of 
the straight line joining them. Accurate measurement of distance on the earth 
is nearly always a slow and laborious process and it would be impracticable to 
measure directly all the distances between the adjacent points of a triangulation. 
If, however, the distauice between any lu'o adjacent points, i.e., the length of 
one side, is measured and the angles of the various figures are observed, the 
remaining sides can be calculated by plane trigonometry. If the bearing or 
direction of one side is measured, that of any of the remainder may be found 
by subtraction or addition of the observed angles. 

In Fig. 25, let ABC be any plane triangle. 

C 
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Now, if the length of AB is known and the angles A, B and C are measured, 
AC and BC can be found from the equations : 

AC = AB.sin B.cosec C 
and BC = AB.sin A.cosec C 

It mav be noted that, as the angles of any plane triangle sum to 180°, it would 
be possible to calculate AC and BC if only two of the angles, say A and C, had 
been measured since the third angle B can be found from the equation, 
B = 180° - (A + C). 

spherical Excess. —^Triangles on the earth’s surface are not, strictly speaking, 
“ t'lane," but it can be shown mathematically that, if the observed angles of a 
triangle are adjusted so that they sum to 180°, the triangle may be treated as 
“ plane ” and the formulae of plane trigonometry can be used for finding the 
sides. The sum of the true angles exceeds 180° by an amount—the spherical 
excess—dependent on the area of the triangle, vide Table II. Whilst the plane 
angles can be used for computing the sides, the true spherical angles should be 
used for the transfer of azimuths from one point to another. 

Fixing Stations. 

The degree of accuracy, with which a point is fixed, depends to a great extent 
on the shape and character of the imaginary geometrical figures by which it 
is connected to other points of the triangulation. The^ simplest geometrical 
figure by which a point can be fixed in relation to others is the triangle. 


C 



Fig. 26 


Suppose, in Fig. 26, A, B and C are three points or stations of a triangulation 
and that the relative jiositions of two of them, and hence the length of one 
side, are known. The third station is to be fixed. Let the angles be A = 75°, 
B = 15°, and C = 90°. Now, if^AB is the known side, this is a well-condittoned 
triangle for fixing C, as any errors in the angular measurements wall have a 
minimum effect in displacing C from its true position ; the " receiving angle ” 
at C, 90°, is as good as it can be. The triangle would also be well conditioned 
for fixing A, if BC was the known side, since the receiving angle at A is also 
large ; in other words the rays from A and B make a " good cut ” at C, and 
those from B and C make a good cut at A. But if AC was the known side and 
it was required to fix B, the triangle is ill conditioned for this purpose since the 
receiving angle at B is only 16° and any errors of angular measurement must 
obviously have a large effect in displacing B from its true position. 

In the example quoted it was supposed that angular nieasurements, or rays, 
from only two stations were available for fixing the third. Generally, there 
will be more observations than this. 




Fig. 27 
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When there are three rays for fixing a i»int, as in Fig. 27, the most reliable 
position for it will be obtained, other things being equal, when the rays are 
mclined at angles of 60° or 120° to each other. Conditions in the field will rarely 
yield such ideal angles of intersection, but the siting of the trigonometrical 
•tations should be arranged with a view to ensuring good receiving angles at 
all the points. 

Examples of Main Triangulation. 

The simplest form of triangulation is a series of triangles, each having a 
side common to its neighbour, see Fig. 28. In the figure, AB is a side of known 
length and direction. It is clear that if all the angles in the triangles ABC, 
BCD, CDE, etc. are measured, the lengths of all the sides, and hence the 
positions C, D, E, F and G relative to A and B, can be calculated (by plane 
trigonometry). For instance, AC and BC can be found from triangle ABC; 
then, BC being now known, BD and CD can be found from the triangle BCD, 
and so on. A triangulation of this form, however, is weak, as each station 



to be fixed is dependent on a single triangle and has only two " rays ” to it. 
No useful check on the accuracy of observation and computation is afforded, 
and errors of one triangle will be propagated through the remainder. If it had 
been possible to observe the ray AD (joined by a pecked line in the diagrain) 
by measuring the angles A and D in the triangle ACD, the elution of this 
triangle would have provided a check for the length of the side CD and for 
the position of D, and as far as this point the triangulation would have been 
greatly strengthened. The extension of a triangulation by single triangles is 
•ometimes unavoidable and in such cases special care is necessary in observing 
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the angles, but every effort should be made to site the marks so that continuous 
checks on the accuracy of the observations and computations are afforded. This 
will be attained if the figures composing the triangulation take the form of a series 
of quadrilaterals, each with a side common to its neighbour, or a series of polygons, 
each having a central station, and with two or more of its triangles common to 
adjacent figures. Often a triangulation includes both types of figure. 

Figure 29 represents a triang^ation system designed to provide a framework 
for a small coastal survey. The main stations only are shown. The positions 
of A and B were marked and known; hence the length and bearing of the 
side AB could be calculated. Further trigonometrical points for the survey 
were sited at C, D, E and F. Angles were observed at all stations, the observed 
rays being shown in the figure. The scheme may be described as consisting 
of three geometrical figures : 

(1) A three-sided polygon BCD about a central station A, shown in a fiurm line. 

(2) A three-sided polygon BCE about a central station A, shown in a pecked 

line. 

(3) A quadrilateral ABFC, shown in a dotted line. 

The triangle ABC is common to both polygons and the quadrilateral. 



The lengths of the sides AC and BC can be found by the sine formula from 
the triangle ABC, sides AD and BD from triangle ABD, and so on. Hence 
the positions of C. D, E and F relative to A and B can be calculated. The 
arrangement of the geometrical figmes affords a check on the accuracy of the 
observations at each station. For instance, when the triangles ABC and ABD 
have been solved, CD can be calculated in the triangle ACD, using either the 
length AC or AD: both methods should give the same result, or results so 
nearly in agreement that their difference can be assigned to the small but 
inevitable errors of observation. Similarly, the observations connecting F 
can be checked by calculating the side AF independently from each of the 
triangles ABF and ACF, and those connecting E by calculating AE from the 
triangles ABE and ACE. In this example of triangulation it should be noted 
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that the receiving angles at E and F, in each case about 40°, are about the 
minimum value which should normally be accepted when there are no insuperable 
topographical difficulties in the selection of suitable triangulation points. 

Fig. 30 shows a triangulation designed to provide a framework for the 
survey of a harbour and its approaches. The length of the side EF was deduced 
from a base measurement in its vicinity and its bearing was found from astro¬ 
nomical observations. The system may be considered as being comprised of 
three geometrical figures: 

(1) A five-sided polygon EHIK J about a central station F, shown in a firm line. 

(2) A five-sided polygon EFKLM about a central station J, shown in a 

pecked line. 

(3) A quadrilateral ENHF, shown in a dotted line. 



The triangles EFJ and JFK are common to both polygons and the triangle 
EFH is common to the polygon EHIKJ and the quadrilateral ENHF. This 
example shows a triangulation of sound design and regular form. Every point 
is connected by observations to at least three other points in the system, 
thereby affording checks on the accuracy of the angular measurements and 
computations. 

Fig. 31 illustrates part of a scheme of triangulation designed to provide a 
framework for surveys extending over about 50 miles of coastline and embracing 
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a number of off-lying islands on the West coast of the Malay peninsula. The 
positions of the points A, B and C were obtained from a land survey and hence 
the elements of the triangle ABC could be calculated and used for extending 
the triangulation to cover the hydrographic work. The various combinations 
of geometrical figures are shown in the diagram. Each figure has a side or 
sides common to adjacent figures, thereby ensuring, as far as possible, accuracy 
in the extension of the triangulation. 



The measurement of an accurate base line by means of steel tapes stretched 
over the ground {q.v.) is always a slow and laborious process. The preparation of 
a site, on which a base of, say 6,000 feet can be measured, may occupy several 
days, and it is usually uneconomical to attempt measurements much longer 
than this. Frequently the nature of the land features is an obstacle to a long base 
measurement and in the selection of the site it is impossible for the hydrographic 
surveyor to go very far outside the area of the survey owing to the amount of 
time which would be spent in connecting a distant base to the triangulation. 

The triangulation of a harbour survey covers a comparatively small area, 
and it may be that the lengths of the sides are of the order of only | a mile to 
1 or 2 miles. In such cases the base line may be long enough to be considered 
as an integral part of the main triangulation network. In surveys of larger 
areas, however, the sides of the main triangulation are much longer—^they will 
usually be from 6 miles or so, up to 20 miles or more in length. In such cases 
the base line is too short to be included as one of the sides of the main triang- 
lation, and it is necessary to extend the base by means of a subsidiary series 
of geometrical figures which will connect it to one or more sides of the main 
system. This subsidiary series is called the " Base Extension Triangulation.” 
The stations or points forming this triangulation must be sited in such a way 
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that the geometrical figures consist of well-conditioned triangles in which all 
the angles can be observed and so that, if possible, two or more values can 
be obtained for the initial side of the main triangulation by using different 
means of approach in its calculation. 

I Examples of base extension triangulation : 

(1) In Fig. 32, AB is a measured base and EF the initial side of the main tri- 
[f an^lation. All rays shown in the figure are observed. The extension of the base 
ii carried out by means of two quadrilateral figures, ACBD and ECFD, C and D 
i being marks specially placed for the purpose of obtaining well-conditioned 



triangles in the base extension system. This example, in which triangles on 
aach side of the base are used for the extension, represents the ideal arrange¬ 
ment of the stations for the purpose in view. 

The len^h of CD can be found from the quadrilateral ACBD and then EF from 
the quadrilateral CFDE. The adjustment of the angular measurements and 
the method of computation are discussed later. 



Fig. 33 


Fif?. 33 illustrates another good type of Base Extension Triangulation. 
AH is the measured base and AF a side of the main triangulation. All the 
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stations are intervisible and angles are observed at each to all other points. 
The method of computing the length of AF in this case would be as follows: 

The sides AC and BC being calculated from the triangle ABC, AE and BD 
can be found from the triangles ACE and BCD respectively. Two values of 
DE can now be obtained from the quadrilateral ABDE, and, accepting the 
mean AF can be found from the quadrilateral ADFE. It will be seen that 
this method of computation confines the working to weU-conditioned figures 
and that errors of observation in the first triangles are to some extent counter¬ 
acted by meaning the results obtained from different angular measureinents. 
The observed angles require certain adjustments before the computation is 
done, and the method of finding and applying these are given below. 

Calculation and Adjustment of Triangulation 
ADJUSTMENT OF OBSERVATIONS. 

Before angular measurements are used for the calculation of distances and 
bearings in a triangulation net, they must be adjusted to satisfy certain geo¬ 
metric relations which exist among different measured quantities. For expiple, 
the three angles of a triangle on the earth's surface should, after correction for 
the small quantity known as spherical excess, sum to 180°, a relation which 
is used to check the accuracy of the observations. In practice it is found that 
even when using instruments capable of being read with a high degree of 
precision e g., to single seconds of arc, the three observed angles of a triangle 
will not, except accidentally, sum to exactly 180°, and they must be adjusted 
to do so before they are used in computation. The object of adjustment is to 
make the triangulation network symmetrically correct and geometncally 
consistent; the values of the sides in the adjusted figures must bear a certain 
relation to the angles so that, once the adjustment has been made, no further 
correction is necessary whatever part of the network is used in conjunction 
with adjoining figures ; any discrepancies then forad must be regarded as due 
to errors of computation, not to those of observation. j ^ 

The triangulations of hydrographic surveys may generally be considered to 
come in the category of Minor Triangulation, in which the accepted principle 
is that all observations must be adjusted to self-consistency, but that any 
distribution of error is tolerable provided that the maximum correction to 
any angle is not too great. In primary trianguktion the adjustment of the 
ob^rvations is a laborious ^process designed to give the most probable final 
results by the application of the mathematical principle of Least Squares. 

In the triangulations of most hydrographic surveys, no practical purpose would 
be served by any lengthy and elaborate process of adjustment, and the metho^ 
to be described, though of a comparatively simple type, Me adequate for the 
purpose. The results are, nevertheless, geometrically consistent, although they 
will not as a rule exactly represent the most probable values of the measurements. 

The adjustments of the observations consist of : 

(1) The Station Adjustment, i.e., the correction of the angles at each station 
so that they satisfy the geometric conditions existing among angles measured 
at a fixed point. 

(2) The Figure Adjustment, i.e., the correction of the angles of each figure 
so that it is made geometrically consistent. It should be noted that every 
triangulation network can be arbitrarily divided into a series of simple fibres 
namely the polygon with or without a central station, the quadnlateral and 
the triangle, and each figure can be adjusted in turn. If often happens that 
one or more of the diagonals across a polygon with central station may have 
been observed, but, though such rays sometimes afford a valuable check on 
the other observations, they cannot, as a rule, be conveniently used m the 
process of adjustment without greatly complicating it. 

(3) The Chain Adjustment. —When a chain or network of triangulation 
starting from one known position is “ closed ” onto another known position. 
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the sides and angles of the intermediate figures require adjustment to bring 
them into harmony with the distance and bearing between the two accepted 
positions. Similarly, if a triangulation network is carried from one measured 
Base to another, an adjustment of the intervening figures will generally be 
necessary to make the angles and sides consistent with the two measured l»ses. 

Station Adjustment. 

The angles at a point must sum to 360®. When all the observations at a 
station have been made at the same time by the direction method {q.v. p. 48^, 
the angles are simply the differences in the observed directions and they will 
naturally sum to 360° so that no station adjustment is necessary. When the 
angles at a station have been observed independently or by the repetition 
method, they will probably not sum to exactly 360°. If it is assumed that 
they have all been equally well observed, they must be adjusted to sum to 360° 
by distributing any excess or deficiency equally among them. If the angles 
have not been equally well observed, the excess or deficiency should be 
distributed in proportion to the estimated accuracy of each observation. 

Figure Adjustment. 

Triangle.—^The simplest case of figme adjustment is that of the single 
triangle. Before the angles are used in the computation of the sides,*etc., 
they must be made to sum to exactly 180° by distributing any excess or 
deficiency among them. Normally the distribution is made in equal proportions 
among the angles, but, if there is reason to suppose that some of the angles 
have been observed with greater accuracy than others, the corrections may be 
distributed in proportion to the estimated accuracy of each observed angle. 
As a rule triangles form parts of more complicated figures, and the adjustment 
of their angles is carried out as a part of the adjustment of the whole figure. 
When only two angles of a triangle, say the angles A and B of a triangle ABC, 
have been observed, the third angle, C, is assumed to equal 180° — (A + B). 

Quadrilateral.—Single triangles need only an " angle ” adjustment to m^e 
them geometrically consistent. The quadrilateral, however, requires in addition 
a " side ” adjustment as will now be explained. 



Fig. 34 


In Fig. 34, ABCD is a quadrilateral in which the eight exterior angles have 
been observed. By the laws of geometry, 

(i) The eight exterior angles should sum to 360° : correction of the angles 

to satisfy this equation is the " quadrilateral " adjustment. 

(ii) The angles of each of the four triangles composing the quadrilateral 

should sum to 180° : correction of the angles to satisfy this equation 
is the " triangle ” adjustment. 

(iii) The angles should have such values that, if any one side of the quadri¬ 

lateral is known, it is possible to calculate any other side by different 
" routes ’’ and obtain identical values for it; correction of the angles 
to satisfy this condition is the " Side ” adjustment. 

The necessity of satisf 3 dng equations (i) and (ii) is obvious from first geo¬ 
metrical principles. At fet sight it might be thought that the figure would 
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then be geometrically consistent, but the necessity of a third equation may be 
demonstrated as follows: 

Suppose in the quadrilateral ABCD that the length of CD is required, the 
side AB being known and equations (i) and (ii) having been satisfied. The 
calculation may be made in two ways, viz : 

(1) Through triangles ABC and BCD. 
or (2) „ „ ABD „ ACD. 

The results will not agree {except accidentally) because equations (i) and 
(ii) have not definitely fixed the values of the angles. For instance, it is possible 
to decrease angle 2 by any definite amount provided angle 1 is incre^d by 
the same amount. The triangles ABD and ACD wiU stiU close to 180 but 
the value of CD calculated through them will be altered. It is evident that a 
third equation is necessary to complete the adjustment of the figure. 

If AB, as before, is a known side, the formulae for calculating CD may 
be either: 

(i) CD = AD sin 1 cosec 4 

= AB sin 1 cosec 4 sin 7 cosec 2.(1) 

or (ii) CD = BC sin 6 cosec 3 

= AB sin 6 cosec 3 sin 8 cosec 5.(2) 


If the same value is to be obtained for CD by either equation, the angles 
must be so adjusted that the expressions (1) and (2) are equal, i.e.. 

AB sin 1 cosec 4 sin 7 cosec 2 = AB sin 6 cosec 3 sin 8 cosec 5. 

Cancelling AB from both sides, this may be re-wntten as : 

sin 1 sin 3 sin 6 sin 7 = sin 2 sin 4 sin 6 sin 8, 
or, using logarithms. 

Log sin 1 + Log sin 3 + • • • • = Log sin 2 + Log sin 4 +.. - 

The most convenient method of applying the " triangle ” adjustment is by 
correcting the angles to bring them into agreement with a further geometric 
relation in the quadrilateral which is that the sum of the angles of each i^erior 
triangle and its opposite must be equal. Since the opposite angl^ ^ 

intersection of the diagonals are equal, it follows that the sums of the alternate 
angles must also be equal, i.e., in this figure. 

Angles 1 + 2 = angles-6 4- 6 
„ 3 + 4=,, 7+8 

The " triangle ” adjustment is made by correcting the angles to satisfy these 
two equations—an inspection of the figure will show that d also has the effect 
of closing the four triangles ABC, ABD, ACD and BCD and that the quadri¬ 
lateral adjustment need not be disturbed. 

Example illustrating the adjustment of the angles of a quadrilateral; 
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EFLG is a quadrilateral in which the eight exterior angles have been 
observed. The procedure is as follows : 

(1) Tabulate the observed angles of the four component triangles and sum 


Triangle. 

Angles. 

Observed Angles. 

Triangle. 

Angles. 

Observed Angles. 


1 -1- 8 

32 37 130 


1 

17 23 140 

EFG 

2 

57 49 31-9 

EFL 

2 + 3 

125 58 41-5 


7 

89 33 15-9 


4 

36 38 19-5 



180 00 00-8 



180 00 150 


8 

15 13 590 


3 

68 09 09-6 

EGI. 

6 + 7 

142 21 28-2 

FGL 

6 

52 48 12-3 


5 

22 24 31-0 


4 + 5 

59 02 .50'5 



179 59 58-2 



180 00 12-4 


(2) Prepare a form as illustrated on page 68. 

(3) In column 2, tabulate the eight observed angles, putting the odd- 

numbered angles in the upper half of the form and the even-numbered 
angles in the lower half. 

(4) Sum the observed angles. The excess or dehciency from 360° is the 

amount required for the quadrilateral correction. This may be distri¬ 
buted equally among the eight angles, but an inspection of angles of 
the four triangles composing the quadrilateral will sometimes indicate 
that certain angles are more likely to be in error than others. In this 
example, the triangles EFL and FGL have large closing errors in 
comparison with EFG and EGL. As 3 and 4 are the only angles to 
appear in both the former triangles and not in the latter, it is reasonable 
to suppose that one or both of these angles must be chiefly responsible 
for the mis-closures. In this instance, therefore, most of the quadri¬ 
lateral adjustment is put into these two angles. The quadrilateral 
adjustment is the 1st Correction and is tabulated in column 3. 

(6) Applying these corrections, tabulate the angles under the heading 
" Angles, 1st Adjustment ” in column 4. 

(6) It is now necessary to make the angles (1 + 2) equal to angles (5 -f 6) 

and angles (3 -f- 4) equal to angles (7 -f 8). These corrections are 
calculated in the lower part of the form, the quantity for each angle 
being a quarter of the difference between each of the pairs. This is called 
the Triangle Adjustment, as it has the effect of closing all the triangles, 
and is tabulated under the heading " 2nd Correction ” in column 5. 

(7) Applying these corrections, tabulate the angles under the heading 

“ Angles, 2nd Adjustment ” in column 6. 

(8) Tabulate the Log Sines of the angles in column 7, at the same time 

noting the “ Diffs. for 1 sec.” in column 8. These differences are given 
at the foot of each column in Shortrede’s Tables. If an angle is over 
90°, ITS " Diff. for I sec.” must be prefixed by a minus sign. 

(9) Sum the Log Sines of each set of angles and find the difference between 

the sums : call this quantity D. 

(10) Sum algebraically the “ Diffs. for 1 sec.” for aU the angles: call this 
quantity S (d). 

ill) Divide D by S {d) : the resulting quantity " e ” is the correction m 
seconds to be applied to each of the angles ; in this example the sum 
of the Log Sines of the even-numbered angles is less than that of the 
odd-numbered angles ; “ c ” is therefore additive to the former and 
subtractive from the latter angles. 
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(12) Applying the correction " e,” tabulate the finally adjusted angles in 
colunui 9 and their Log sines in colunui 10. Sum the two sets of Log 
Sines which should now be equal, subject to a small discrepancy (in 
the last figure) which cannot be avoided unless the computation of 
the angles is taken to hundredths of a second; this provides a check 
on the working. 

The adjustment of the figure is now complete, t'.e., the angles are geometri¬ 
cally consistent. The adjusted triangles may now be put down and the sides 
of the quadrilateral calculated. Assuming £F to be a side of known length ; 
the following shows a convenient lay-out for the computation : 


Triangle. 

Station. 

Adjusted Angles. 

Sides. 

EFG 

E 

32 

37 

12-6 

L. sin .. 

9-731 6430 


G 

89 

33 

14-8 

L. cosec 

0-000 0131 







4-649 2669 


F 

57 

49 

32-6 

l^EF .. 

9-927 5922 



180 

00 

00 

logFG .. 

4-380 9230 






logEG .. 

4-576 8722 

EFL 

E 

17 

23 

10-9 

L. sin 

9-475 4004 


L 

36 

38 

151 


0-224 2071 







4-649 2669 


F 

125 

58 

340 

l^EF .. 

9-908 0891 



180 

00 

00 

logFL .. 

4-348 8744 






log EL .. 

4-781 5631 

EGL 

E 

15 

14 

01-7 

L. sin 

9-419 5568 


L 

22 

24 

29-2 

L. cosec 

0-418 8457 






logEG .. 

4-576 8722 


G 

142 

21 

291 

L. sin .. 

9-785 8454 



180 

00 

00 

logGL .. 

4-415 2747 






log EL .. 

4-781 5633 

FGL 

F 

68 

09 

01-4 

L. sin 

9-967 6246 


L 

59 

02 

44-3 

L. cosec 

0-066 7267 






logFG .. 

4-380 9230 


G 

52 

48 

14-3 

L. sin .. 

9-901 2250 



180 

00 

00 

logGL .. 

4-415 2743 






logFL .. 

4-348 8747 


When two results are obtained for a side, that found from the best- 
conditioned triangle should be accepted. As with the Log Sine equation, 
diicrepancies occur in the last figure of the logarithms imless angles are taken 
to hundredths of a second. 


Quadrilateral with one Triangle already Adjusted. 

It sometimes happens that it is necessary to adjust to geometrical consistency 
B quadrilateral in which three of the stations have already been fixed in a 
previously adjusted figure. In such cases the adjustment must be effected 
without disturbing the values of the angles in this triangle, and a slightly 
different method must be used. Example (Fig. 36): 

FLGM is a quadrilateral in which the triangle FGL has already been adjusted; 

(1) Prepaire a iorm, as shown on pp. 70 and 71, and in column 2 tabulate the 
o^erved angles of the four component triangles. 

























WITH One Triangle Already 



adjustment 















































Chap. IV 


71 



Previously adjusted. 
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(2) Apply the corrections already found for the angles of the adjusted 
triangle FGL where these appear in the other triangles of the figure. 
i.e.. The corrections to 2 and 7 must be applied to the double angles 
(2 + 3) and (6 + 7) respectively, while half the correction to the 
double angle (1 + 8) must be applied to each of the single angles 
1 and 8. 



(3) Place these corrections in column 3 and, applying them, tabulate 

the angles again in column 4 under the heading " Angles, 1st 
Adjustment.” 

(4) It is now necessary to find the Quadrilateral Correction ; therefore 

tabulate the double angles in column 6 and sum them. The correction, 
tabulated in coliunn 6, is found by dividing the excess or deficiency 
from 360“ equally between the angles of the triangle FGM, i.e., one- 
third to each of the angles 3 and 6, and one-sixth, to each of the angles 
4 and 6. The double angles (2 -f 3) and (6 -|- 7) obviously receive the 
same corrections as angles 3 and 6 respectively. 

(6) Applying the 2nd correction, tabulate the angles in column 7. It will 
he seen that the 2nd correction, in addition to closing the quadrilateral, 
has also closed the triangle FGM. 

(6) Any closing error in the two remaining triangles will be equal, but of 

opposite sign, and must be divided equally between the two single 
angles of each triangle and tabulated in column 8 under the heading 
" 3rd Correction.” 

(7) Appl 3 dng the 3rd Correction, tabulate the angles in column 9 and 

make the final adjustment by the sine rule in the usual way except 
that, owmg to the fact that angles Nos. 2 and 7 must not be altered, 
the application of a constant correction to the remaining six angles 
is inadmissible, as it would disturb the closing of the triangles FLM 
and GLM. 

This diflftculty is surmounted by putting a double correction, i.e., 2c, 
into the two angles, 4 and 6 (opposite to the previously adjusted tri¬ 
angle), which has the result of leaving the closing of the figilre tmdis- 
turbed by the final adjustment. It should be noted that in finding ” c,” 
the figures for angles 4 and 6 in column 13 under the heading “ Diff. for 
1 Sec.” are obtained by multipl 5 dng the tabulated differences by 2. 

Polygon with a Central Station. 

The adjustment of the observed angles of a polygon is similar in general 
principles to that of the quadrilateral. It consists of two parts : 

(1) Ang^ Adjustment.—The angles of each component triangle must be 
adjusted to sum to 180° and the angles at the central station must be adjusted 
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to sum to 360® less one-third of the spherical excess of the whole figure. (The 
spherical excess need not be taken into account in small figures.) 

(2) Side Adjustment.—The angles must be further adjusted so that they 
are made geometrically consistent. At first sight it might be thought that 
this would be achieved by making the angle adjustment alone, but an example 
will show that this is not so. In a polygon ABEFH about the central Z (Fig. 37) 
the length of side AZ is known and the triangles have been closed by the 
" angle ” adjustments. 



Now, if the length of EF is required, it may be calculated : 

(i) Through the triangles ABZ, BEZ and EFZ, or 

(ii) ., „ „ AHZ, HFZ and EFZ. 

The two results would only agree accidentally as the angle adjustments 
have not definitely fixed the values of the angles which must be used in the 
computation. For instance, any definite quantity may be subtracted from 
angle 6 if an equal quantity is added to angle 4 without disturbing the angular 
closure of the triangle ABZ or the polygon in any way, but obviously a different 
result would be obtained for the length of EF. If the figure is geometrically 
consistent, calculations by any " route ” should give the same result. 

If, as before, AZ is a known side and EF is required, the equations would be 
as follows: 

(i) EF = EZ sin 12 cosec 10 

= BZ sin 8 cosec 7 sin 12 cosec 10 
= AZ sin 6 cosec 4 sin 8 cosec 7 sin 12 cosec 10 

or 

(ii) EF = FZ sin 12 cosec 11 

= HZ sin 13 cosec 14 sin 12 cosec 11 
= AZ sin 1 cosec 2 sin 13 cosec 14 sin 12 cosec 11 

If the two equations are to give identical results, it is clear that the following 
must be true : 

AZ sin 6 cosec 4 sin 8 cosec 7 sin 12 cosec 10 = AZ sin 1 cosec 2 sin 
13 cosec 14 sin 12 cosec 11. 

Cancelling identical terms and transposing, we have : 

Sin 1 sin 4 sin 7 sin 10 sin 13 = Sin 2 sin 5 sin 8 sin 11 sin 14. 

Or, using logarithms. 

Log sin 1 -f- Log sin 4 -f_= Log sin 2 -f Log sin 6 _ 
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The side adjustment consists in correcting the angles to fulfil this equation. 
Example of adjusting the observed angles of a polygon ABEFH (Fig. 37) : 
In this polygon suppose the triangles ABZ and AHZ form part of a previously 
adjusted figure; their angles are therefore fixed so that all the necessary 
correction must be put into the angles of the three remaining triangles. The 
area of this figure is about 280 square nautical miles and its spherical excess 
(very nearly equal to 1' per 60 square nautical miles of area) is 4'-8. 
The plane adjusted angles at the central station must therefore sum to 
360° — J (4'-8) = 369° 69' 68*-4. 

Proceed as follows : 

(1) Prepare form 3 in two parts, as illustrated on pp. 76 and 76. 

(2) In column 2, tabulate the observed angles of the five triangles: it is 

convenient to keep them in the same sequence when writing them 
down, e.g., forward angle, back angle, central angle. When any parts 
of the figure have been previously adjusted (as is the case with triangles 
AHZ and ABZ in this example), tabulate the adjusted angles. 

(3) In the example it is assumed that all the angles have been equally well 

observed and have equal " weighting values,” so that the first adjust¬ 
ment is distributed equally among the angles of each triangle. If, 
however, there is reason to suppose that the observations are not all of 
equal " weight,” an additional column of " weighting values ” should 
be inserted between columns 1 and 2. 

(4) Sum the angles of each triangle and in column 3 tabulate the corrections 

(in proportion to weighting values) necessary to make them sum to 
180°. 

(6) Deduce the central angles at Z and tabulate them in column 4. Sum 
the angles in column 4 : the excess or deficiency from 360° (less one- 
third the spherical excess of the whole figme) must be distributed 
equally among the central angles. In this example angles 3 and 6 are 
already fixed, and the deficiency must be divided among the other three 
central angles. Tabulate the corrections in column 6. 

(6) The adjustment of the central angles disturbs the closures effected by 
the 1st Correction, therefore re-adjust the exterior angles so that the 
triangles again sum to 180°, tabulating the corrections also in column 6. 
As the latter corrections will always be comparatively small, these 
re-adjustments may be distributed equally without taking into con¬ 
sideration the weighting values, if such exist. 

(7) Applying the 2nd Correction, tabulate the angles in column 6 imder the 

heading “ Angles, 2nd Adjustment.” The central angles receive no 
further adjustment in the subsequent working and their Log Sines can 
be tabulated in column 7 for future use. 

(8) In column 9 (on the lower part of the form) tabulate all the exterior angles 

of the polygon taking them from column 6 and placing the forward 
angles, 1, 4, 7, 10 and 13 in the upper half of the column and the back 
angles 2, 6, 8, 11 and 14 in the lower half. 

(9) Tabulate the Log Sines of these angles in column 10, at the same time 
noting in column 11 the “ Diff. for 1 sec.” for each angle which is not 
already fixed by adjustment in a previous figure. W^en an angle is 
over W° (as No. 11 in the example) its “ Diff. for 1 sec.” must be 
prefixed by a minus sign. 

(10) Sum the Log Sines of each set of angles, calling the sums Si and Sj, and 
find the difference D between Si and Sj. 
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(11) Sum algebraically the “ Diffs. for 1 sec.” and call this S>{d). 

(12) The final adjustment " e ” is found from the equation : 

_ D 
' S(rf) 

“ e" being the number of seconds to be added to each of the angles 
1, 4, 7, 10 and 13 and subtracted from each of the angles 2, 6, 8, 11 
and 14 ; in the example S, is smaller than Sg, and “ e ” is consequently 
additive to the forward angles. 

(13) Applying the quantity " e ” to each of the un-fixed angles, tabulate the 

finally adjusted angles in. column 12 and their Log Sines in colum 13. 
It will be seen that the two sets of Log Sines now sum equally, subject 
to a discrepancy in the last figure of the logarithms which cannot be 
avoided unless calculations are taken to hundredths of a second. 

The adjustment of the figure is now complete, i.e., the angles are geometri¬ 
cally consistent. 

Form 3. 

Adjustment of Polygon with Central Station 


1- 

2. 

3. 

4. 

5. 

6. 

7. 

Angle. 

Observed 

Angles. 

1st 

Correc- 

Deduced 

Central 

Angles. 

2nd 

^{2n? 

Adjustment.) 

Log Sines. 

2 

3 

77 46 08-4* 
47 11 55-2* 
55 01 56-4» 


55 01 56-4 

111' 

Previously 

Adjusted. 

9-913 5360 


180 00 00 0 






4 

5 

6 

28 11 38 0* 
43 54 02 1* 
107 54 19-9* 


107 54 19-9 

1 1 1 

Previously 

Adjusted. 

9-978 4384 


180 00 00 0 




o / . 


7 

8 

9 

51 39 33-1 
82 36 15-8 
45 44 05-3 

+ 1-9 
+ 2-0 
-(- 1-9 

45 44 07-2 

- 0-6 
- 0-6 
+ 1-2 

51 39 .34-4 
82 36 17-2 
45 44 08-4 

9-854 9902 


179 59 54-2 




180 00 00 0 


10 

11 

12 

61 09 03-6 
96 10 21-8 
22 40 36-4 

- 0-6 
- 0-6 
- 0-6 

22 40 35-8 

- 0-6 
- 0-6 
+ 1-2 

61 09 02-4 
96 10 20-6 
22 40 37 0 

9-586 0636 


180 00 01-8 




180 00 00 0 


13 

14 

15 

31 51 19-2 
19 29 51-8 
128 38 58-8 

- 3-3 

- 3-2 

- 3-3 

128 38 55-5 

- 0-6 
- 0-6 
+ 1-2 

31 51 15-3 
19 29 48 0 
128 38 56-7 

9-892 6431 


180 00 09-8 

Sum 

359 59 54-8 


180 00 00 0 



Central angles should sum to 359 59 58-4 


DifF. 3-6 


Previously adjusted. 
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8. 9. ID. 11. 12. 13. 


Angle. 

Adjustment.) 

Log Sines. 

Difi. for 1'. 

Angles. 

(finally 

adjusted.) 

Log Sines. 


77 46 08-4* 

9-990 0285 


77 46 08-4 

9-990 0285 

4 

28 11 38 0* 

9-674 3621 

_ 

28 11 38-0 

9-674 3621 

7 

51 39 34-4 

9-894 5037 

167 

51 39 34-9 

9-894 5044 

10 

61 09 02-4 

9-942 4504 

11 6 

61 09 02-9 

9-942 4509 

13 

31 51 15-3 

9-722 4367 

339 

31 51 15-8 

9-722 4384 



Si=9-223 7814 



7843 

2 

47 11 55-2* 

9-865 5268 

_ 

47 11 55-2 

9-865 5268 

5 

43 54 02-1* 

9-840 9896 


43 54 02-1 

9-840 9896 

8 

82 36 17-2 

9-996 3724 

2-7 

82 36 16-7 

9-996 3722 

11 

96 10 20-6 

9-997 4750 

-2-3 

96 10 20-1 

9-997 4752 

14 

19 29 48-0 

9-523 4239 

59-5 

19 29 47-5 

9-523 4210 



Sa =9-223 7877 

S (d) = 122-1 


7848 



S, =9-223 7814 
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• Previously adjusted. 


Polygon without a Contral Station. 

A t 5 T)e of figure, which is occasionally met with in triangulation, is the 
polygon without a central station, illustrated in Fig. 38. 



The angles of this figure are adjusted by methods simile to those employed 
for a polygon with a central station, but the " angle " adjustments to close 
the figure must be effected in a slightly different manner. Using Form 3 as 
before the procedure is as follows : 

(1) Select the station which is connected by the largest number of rays 
(or, if all stations are interconnected, the station at the most obtuse- 
angled comer of the figure)—in this case, D—and regard it as the 
" central" station. Number the angles of each of the triangles in 
sequence, taking particular care that the sequence is maintained in the 
last triangle, whose “ centred ” angle is the sum of the other " central ” 
angles (in this case, the triangle DEC). 
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(2) Sum the angles of each triangle and, in col. 3, tabulate the corrections 

necessary to make them add up to 180°. 

(3) Tabulate the " central ” angles at D in col. 4 but, instead of making them 

sum to 360°, the sum of the part angles (1, 4, and 7) must be made to 
equal the whole angle (10) by applying equal corrections (though of 
different signs) to each " central ” angle (1, 4, 7, and 10) ; as this will 
upset the closure effected by the first correction, the other numbered 
angles must be readjusted by 2nd corrections so that the triangles 
again close to 180°. Tabulate all these corrections in col. 6. 

(4) This completes the " angle ” adjustments and the " side " adjustment 

is effected by making the product of the sines of the forward angles 
2, 6, 8 and 11 equal to that of the back angles 3, 6, 9 and 12. It will 
be seen that, as with an ordinary polygon, the “ central ’’ angles at 
D are not brought into the " side ” adjustment. 

Chain adjustment. 

Adjustment to a whole series of figures, i.e., a chain of triangulation, may 
be necessary in the following cases : 

(i) When the triangulation extends between two measured bases. 

(ii) When the triangulation extends between two known or accepted 

positions. 

(iii) ^^en the triangulation extends between two astronomically determined 

positions. 

1. Adjustment between Measured Bases. 

When a chain of triangulation, starting from a side of known length and 
bearing, extends over a great distance and consists of a large number of figures, 
it must be anticipated that some error in scale and bearing will accumulate, 
and it is advisable to measure a new or check base and make further astro¬ 
nomical observations for bearing in order to prevent the errors a^uming large 
proportions. In such cases, the.intermediate figures constituting the chain of 
triangulation between the two measured sides should be readjusted to secure 
consistency with the measurements. A rigorous method of chain adjustment 
is a long and complicated process, but a simple method which will be described 
is based only on the principle that adjustment to meet discrepancies may be 
distributed in any manner we please provided the corrections to angles and 
sides are not imreasonably large. 

AB, Fig. 39, is a side of known length and bearing and a chain triangulation, 
d^ndent on this side for scale and bearing, is extended to the side GH. 
(Normally there would probably be more intermediate figures than are shown in 
the diagram.) 



The length and bearing of GH are calculated through the triangulation and 
are also measured to provide a check on the work. A certain discrepancy is 
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found between the observed and calculated values of GH and the problem 
is to readjust the figures between AB and GH to bring the calculated and 
observed values into agreement. It is assumed that the measured values of 
AB and GH are correct,that the discrepancies are entirely due to errors of 
angular measurement in the intermediate figures. The procedure is as follows : 

(1) Let the true (».e., measured) length and bearing of GH be x and a 

respectively, and its length and bearing as calculated through the 
triangulation, be * + Ar and a + Aa. 

(2) Starting with the initial side AB select one of the diagonals and a side 

common to adjacent figures in each quadrilateral finishing with the 
final side GH. The sides so chosen are marked with arrows in the 
figure. 

(3) The adjustments to compensate for the discrepancies A* and Aa may 

be distributed as follows : 


(i) In Length : 

Correction to AB = 0 

„ „ AC = - 

Correction to CD = — 
etc., etc. 


A* 

tiX 


AC 

AC + CD + DF + FE + EG + GH 
AC + CD 

AC + CD + DF + FE + EG + GH 


(ii) In Bearing : 

Correction to AB = 0 

„ „ AC = - i Aa. 

„ CD = - J Aa. 
etc., etc. 

The numbered angles in the readjusted figures can now be deduced from the 
corrected bearings of the sides which contain them and, using these angles and 
the corrected lengths of AC, CD, etc., the remaining angles and sides of the 
figures can be re-computed. 


2. Adjustment between two Known Positions. 

When a chain of triangulation extends from one known or accepted position 
to another, the simplest method of adjusting the figures to secure agreement 
with the distance and bearing between the two known positions is by local 
adjustments to the positions of all the intermediate stations in the chain. The 
method by which these adjustments can be made is described under the 
Adjustment of a Traverse (Chapter VI, pp. 146-6). When they have been 
applied, the angles and sides of the figures can be recomputed. 


3. Adjustment between Astronomically-determined Positions. 

With modem instruments and careful observations, very little error should 
accumulate in a chain of triangulation, extending over a distance of, say 200 
miles. The accuracy of the angular measurements can be assessed from a 
knowledge of the geometrical conditions which they should fulfil and cumulative 
errors of scale and bearing should be largely eliminated by check bases and 
bearings during the progress of the survey. If astronomical observations for 
geographical positions are made at two stations near the opposite ends of 
a chain of triangulation, it must be anticipated that there will be some dis¬ 
crepancy in the distance and beaiing between them as derived (1) from the 
observed differences of latitude and longitude and (2) through the triangulation. 
Observations for geographical position with portable instruments can only be 
relied on to give an apparent accuracy of about ± 100 feet in latitude and 
about ± 200 feet in longitude; actually, they may be in error to a much 
greater extent than this since unsuspected deflection of the plumbline from the 
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vertical may exist at one or both places of observation. Consequently, if the 
triangulation is of regular form and sound design, it is probable that most, if 
not all, the discrepancy may fairly be assigned to errors in the astronomically 
determined positions and these should be adjusted to conform with the results 
of the triangulation. 

When it is necessary to resort to triangulations of a less accurate character, 
e.g., those involving the use of floating beacons, the cmnulative error in a 
long chain may be considerable and it might be unreasonable to assign the 
entire discrepancy to the astronomical observations. No hard-and-fast rule 
can be laid down as to what proportion of the discrepancy can fairly be allotted 
to each, for the surveyor must be guided by the chciracter of the triangulation 
and the estimated accuracy of the astronomical observations. 'When the 
proportions have been decided, the figures of the triangulation can be readjusted 
to harmonise with the “ corrected ” geographical positions in the same manner 
as that outlined in paragraph 2. 

Irregular Triangulation 
Use of Ship and Floating Marks. 

The majority of present-day hydrographic surveys are of a detailed character 
and are based on triangulations of orthodox form. In sketch surveys, where it 
may be assumed that time is the important factor, less regular methods of 
triangulation may be accepted, and even in detailed surveys, when the physical 
obstacles to regular triangulation are great, resort may be made to various 
artifices which will give sufficiently accurate results without cm undue expien- 
4iture of time and labour. Such artifices may include the fixation of some 



■«( the stations solely by resection, i 
I means of traverses. Often the ship 


by angles observed at them, or by 
r boats at anchor, or moored beacons. 
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can be used as temporary marks which will enable connection to be made 
between shore stations by well-conditioned triangles. 

For example: 

In Fig. 40, A and I are two stations whose positions have been previously 
determined; the length and direction of the side AI are therefore known. 
Fpr the purposes of a survey off the coast further trigonometrical points are 
required, and two positions at G and H are selected and marked on the shore. 
A, I, G and H are all intervisible, with the exception of the “ ray " A to H, and 
it is not possible to carry the triangulation through on land. Now, it is clear 
from the shape of the triangles AIG and IGH that they are quite imsuitable 
for fixing G and H relative to A and I, for a very small error in the observed 
angles would beget large errors of position if these triangles were used. Two 
positions Si and S, offshore are therefore selected and the ship anchored at 
each in turn. When the ship is at Sj, simultaneous angles are taken (at a given 
signal) to the foremast from A, G and I. Two well-conditioned triangles AGSi 
and IGSi are now available for fixing G, for the angles at A, G and I have 
been measured and those at Si can be deduced, and the sides ASi and ISi can 
be computed from the triangle AISi. The position of G is found from both 
triangles and a partial check on the accuracy of the observations is thereby 
afforded. 

A similar procedure is adopted with the ship anchored at Sj, simultaneous 
angles being observed from A, I, G and H. The position of H can now be 
computed from either of the triangles GHSj or IHSa in which the angles 
have been measured or can be deduced and the sides GSj and ISj can be foimd 
from the triangles AGS* and AISn. 

The observations to Si and S* should be repeated two or three times and 
the results of each set worked out independently. Where shorter distances are 
involved beacons or boats may be used in a similar manner. 

" Ship Stations ” may sometimes be used for fixing stations which are too 
far apart to be visible from each other, as in Fig. 41. 



Fig. 41 represents a channel about 16 miles wide separating two low-lying 
stretches of land. On the north side two intervisible stations A and B have 
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been tixed. It is required to fix two intervisible points C and D on the south 
shore, but the distance across the channel is too great to permit direct obser¬ 
vations to be made. The ship is anchored at Si and simultaneous angles are 
taken to the foremast from the four stations : she then proceeds to S| where a 
similar programme is carried out. These observations will suffice to connect 
C and D with A and B, for, the side AB being known, SiS, can be found from 
the quadrilateral ABSiS,, and the sides and unknown angles of the quadri¬ 
lateral CDSiSj can now be computed by the method applicable to solving 
the problem of the “ Inaccessible Base,” vide Chapter IT, pp. 22-6. 


i 


Floating Beacons in Main Triangulation 


I In hydrographic surveys a satisfactory tiiangulation may often be carried 
out with the aid of floating beacons moored offshore. Such expedients may be 
resorted to when more regular methods are impossible or would involve an 
j’ expenditure of time and la&ur out of all proportion to the value of the results. 
i I Straight low-lying stretches of the coast, with dense bush reaching down to 
t the high-water line and no hill features or off-lying islets, present an almost 
insuperable obstacle to regular methods of trian^ation, but the use of moored 
beacons enables a survey to be made with all necessary accuracy. Under 
favourable conditions and with proper safeguards in the taking of the angular 
imeasurements, very little error should accumulate and the shore stations 
may be fixed with a precision not far short of that obtainable in a regular 
(triangulation. Example.: 

A survey is required off a low-lying coast between B and F, Fig. 42, but 
owing to the nature of the land features no regtilar shore triangulation can 
be made. The points A and B have been fixed by a previous survey and 
the side AB may therefore be used for extending the triangulation. The 
procedure is as follows : 

► Five points, B, C, D, E and F, are selected on the coast in such positions 
that triangulation marks can be erected at them and that each is visible from 
adjacent marks. Four beacons, a, b, c and d, are moored at a distance of about 
6 miles offshore, each beacon being approximately abreast a shore station. 

Stations A, B and C are manned by observers with theodolites and the ship 
, proceeds to the vicinity of beacon a. At a given signal from the ship, the three 
observers take angles to a, i.e., the angles BAa, ABa, aBC and aCB are measured. 
The length and bearing of AB being'known, the angles at a at the moment of 
observation are deduced by closing the triangles ABa and BCa, and the length 
and bearing of BC can be calculated. Hence the position of C is found. 

Stations B, C and D are next manned and the ship proceeds to the vicinity 
of beacon b to which simultaneous angles are obtained as before. The length 
and bearing of CD can now be calculated from the triangles BCb and CDb, 
and hence the position of D is fixed. A similar procedure enables E and F to 
be fixed from the triangles CDc and DEc and from DEd and EFd respectively. 

The observations to each beacon should be repeated two or three times and 
the results of each set worked out independently and the values of the sides 
nueaned. If this method of using moored beacons in the triangulation is 
f adopted, any movement of the beacons previous or subsequent to the actual 
(fcbaervations, has no effect on the accuracy of the work. The angles at the 
beacons themselves may be observed by sextant and will provide a check 
■gainst gross errors of observation at the shore stations, but they should not 
M used in the computation. 

If intervisibility cannot be secured between two adjacent shore stations, 
angles at the beacons must be observed and used in the triangulation, but in 
Mch cases a considerable loss in accuracy must be anticipated since the triangu- 
I Ution will be partly dependent on sextant angles and it will probably be 
' impossible to maintain the principle of simultaneous observation which is 
■Mential for accurate results. 


o 
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Floating Triangulation 


Many hydrographic surveys are made out of sight of land or at such «^stances 
from the land that shore marks cannot be directly used for 
soundings, either because such marks are not suitably disposed to afford good 
" fixes ” or because they lie outside the limits of a plotting sheet, ^so it often 
occurs that a part only of a hydrographical work can be fixed by direct angles 
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to shore stations whilst other means must be devised to locate the remainder. 

When shore stations cannot be made to serve as a framework for the survey 
a floating triangulation can be carried out by means of anchored or moored 
beacons, if the depth of water permits. Such triangulations may be divided into: 

(i) Those which are coimected to and extended from the stations of a shore 

triangulation, when the scale, bearing and geographical position will 
usually depend on observations and measurements taken on shore. 

(ii) Those of a fully floating type in which the scale, bearing and geographical 

position depend on observations and measurements taken at sea. 

Beacons are anchored in such positions that they provide a framework for 
the survey and their arrangement should be such that the sides connecting 
them form a series of geometrical figures of which the most suitable types are 
quadrilaterals, with sides common to adjacent figures, and polygons with central 
stations and with one or more of their component triangles common to adjacent 
figures. In shore triangulations the shape of the figures is determined to a 
large extent by the physical characteristics of the land and it is often necessary 
to use figures which are comparatively ill-conditioned. In floating triangula¬ 
tions, however, it is generally possible to dispose the beacons in such a manner 
that the geometrical figures approximate to the ideal shapes, i.e., the quadri¬ 
lateral can be nearly a square, and the central-station polygon can consist of 
six nearly-equilateral triangles. As far as possible extension of the network 
by single triangles should be avoided. 

The angles in a floating triangulation are measured by sextant, those at 
each beacon being observed from the ship (or boats) hove to in close proximity 
und corrections being applied, as necessary, for the “ false station.” The 
accuracy of this type of tiiangulation cannot be very great because : 

(i) The beacons have a certain amount of movement round their anchors, 

even if moored, and it is impossible to make all the observations 
simultaneously. This is the principle source of error. 

(ii) The angles are measured from a platform which cannot be kept abso¬ 

lutely stationary. 

(iii) The t 5 q)e of sextant generally used is graduated only to minutes of arc and 

can be read by estimation to the nearest half minute. (The use of 
observing sextants, which can be read to 10 seconds of arc, rarely 
gives any increase in accuracy as both telescopes and mirrors are 
ill adapted to this sort of work.) 

Although subject to considerable errors from these causes, a floating tri¬ 
angulation should nevertheless be of such accuracy that there is no plottable 
mor in the resulting survey, on the scale which is being used. When beacons 
arc anchored with single anchors only, triangular misclosures up to 4' of arc 
can be accepted; but if moored with two anchors, it should be possible to 
keep triangular misclosures within a maximum of 2^' of arc. The question 
whether beacons should be anchored or moored depends chiefly on the scale 
of the survey. On scales of 3 inches to the mile (about 1/25,000) and larger, 
Ihe swing of a beacon round a single anchor may produce plottable errors; 
baacons should therefore be moored, except possibly in shallow water where 
kitle cable is necessary. On smaller scales beacons with single anchors should 
Mrve unless they occupy some exceptionally important or key position in the 
arheme of triangulation. 

To minimise accumulation of error in a floating triangulation, attention must 
ka directed to the following points : 

(а) The figures forming the triangulation system should be planned with a 

view to affording a check on the accuracy of the angular measurements. 

(б) No opportunity should be lost of checking the accuracy of the work by 

means of " rays ” to or from distant mountain peaks or other land 
objects. 
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(c) The sides forming the triangulation should be as long as possible, con¬ 

sistent with the conditions of visibility which may be expected. 
Additional beacons may be required for fixing the soundings, but 
these should be regarded as sounding marks only and should not be 
considered as an integral part of the triangulation. 

(d) When the triangulation has been extended through a long chain of 

figures to a distance of, say, 40 miles, a new " base " should be measured 
by taut wire and a new azimuth determined by astronomical observa¬ 
tions. The subsequent extension of the work should depend on these 
new measurements. 

The adjustment of a floating triangulation and the computation of the sides, 
etc., is carried out in a similar manner to that used in ordinary land triangu¬ 
lation. When the network consists of a series of interlacing polygons, the 
adjustments which are required to make the figures geometrically consistent 



Fig. 43 


may assume rather large proportions and for this reascm, in a floating triangu¬ 
lation, a network of quadrilaterals is generally jn-eferable although it is not 
quite so economical in beacons in relation to the area covered. 
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Examples : 

In Fig. 43 a floating triangulation has been extended from three shore 
stations A, C and D, previously fixed in a former triangulation. 

The beacons, e, f, g, etc., are disposed so that a series of interlacing polygons 
IS formed. Their average distance apart is about 6 miles and they provide a 
framework sufficient to cover an area of approximately 500 square miles. 
Their positions are dependent on those of the shore stations. 

In Fig. 44 a floating triangulation has been connected to three shore stations 


A, B and C. 



Fig. 44 


This system of figures consists mainly of quadrilaterals, beacons being 
moored at d, e, f, etc. The geographical position of C, and the azimuth of the 
tide AC, are known. Conditions are unsuitable for a base measurement fishore, 
and the length of the side " ef ’’ is found by taut wire. When the triangulation 
has been carried as far as the quadrilateral kimn, the side mn is measured by 
taut wire and its azimuth determined by astronomical observations. The 
results of these measurements should then be used as a basis for the further 
msion of the triangulation to the north-westward. The diagonals of the 
drilaterals are from 8 to 10 miles in length, i.e., about the maximum distance 
t can be observed. The system provides a framework sufficient to cover an 
area of about 400 square miles, but some additional beacons (not shown in the 
•fure) may be needed as sounding marks. 

An alternative method of control of a floating triangulation is by taut-wire 
Haverses measured along lines of floating beacons laid in transit. 

The azimuth of any convenient leg of the traverse is observed from a position 
•chore, or frorn the ship hove to, on the extension of the line of the leg, by the 
methods described in Chapter XVI. Angles between successive legs of the 
traverse are observed by sextant from the ship and corrected for false station. 

The traverse may either start from a beacon fixed by shore marks and close 
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on another beacon similarly fixed, or may start from a beacon astronomically 
fixed and close on the same beacon. Adjustment for errors of closure, as described 
in Chapter VI, “ Adjustment of a Traverse,” is applied, the closmg errors 
obtained indicating whether the accuracy desired for the scale in use has been 
achieved or whether additional measurements and observations are reqmred. 
Fig. 44 a illustrates the method. 



Beacons C, D and E are laid on the transit of A and B ; G and H on the transit 
of E and F, and K and L on the transit of H and J. 

Distances AE, EH and HL are measured with taut-wire and the angles 
DEF and GH J observed. . , , . „ j u 

A and L are fixed from shore marks and the azimuth of AB and hence 
AE, or HJ and hence HL is observed from the shore or from the ship. 

In order that the beacons may be laid in transit their distance apart must be 
regulated so that alternate beacons are intervisible, also, if it is desired to 
observe the azimuth from a shore station, the two inshore beacons of the leg 
must be laid close enough together for both to be visible from the shore. 

The advantages of this method compared with triangulation are its quiclmess, 
that fewer beacons are required to cover the same area, and that unreliable 
beacons usually disclose themselves at once by drifting off transit. 

It should be noted that if a leg whose azimuth is to be observed lies m an 
east-west direction it may be necessary to lay an additional beacon to act as 
a referring object so as to make the observed angle between it and the sun as 
near 90° as possible ; in such a case the angle between this beacon and the leg 
of the traverse whose azimuth is required must be observed simultaneously 
with the azimuth of the sun. 
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Errors of Triangulation 


It is useful to have some method of assessing the accuracy of any series of 
observations such as that composing a triangulation. Thereby the work of 
different observers can be compared and an estimate be formed of the relative 
merits of various independent measurements. 

The error of an observation is the difference between the true and measured 
values of a quantity. Errors may be divided into three classes: 

(1) Mistakes ; e.g., reading off a micrometer wrongly. Such errors should 

be noticed and rectified in the field by arranging for proper safeguards 
in the mode of observation. 

(2) Constant or Regular Errors which include those due to refraction, aber¬ 

ration, etc., special peculiarities or faults in the instrument, and 
personal idiosyncrasies of the observer. 

(8) Irregular or Accidental Errors, such as those arising from the imperfection 
of the eye in measuring small spaces, changes in the instrument 
produced by anomalous variation of temperature, and which are in 
general beyond the control of the observer. 

It is only the third class of errors, i.e., those of an irregular t5rpe, which can 
be considered mathematically in assessing the degree of precision of a series of 
observations. 

If a number of measurements are made of the same quantity, the most 
probable value of that quantity is the arithmetical mean of all the measure¬ 
ments. A residual is the result of subtracting the mean from a measured value, 
and it is a characteristic of the arithmetical mean that it makes the sum of the 
squares of the residuals a minimum. 

In an indefinitely large series of observations, the probable error is that error 
than which there are as many errors greater as there are smaller. 

The probable error (P.E.) of the arithmetical mean of a series of observations 



where n is the number of observations, and is the sum of the squares of 
the residuals. Example : 

A series of measurements of an angle give the following results (seconds only 
given) : 


r* 

18 


r 

43 

17 

4-7 


20 

26 


3 


22 

5 

5 

7 


29 


2 3 


22 


23 

2-7 


22 


27 


'Er^= 60 


6)146 


Mean =24'-3 



The figure (O'-9) provides a basis for determining the degree of precision of 
these measurements in comparison with any other similar series. It should 
be clearly understood that this is the only purpose of calculating the probable 
error ; such a small number of observations can provide little guide to the 
fotsible error of the mean since there is no certainty that all constant or sys¬ 
tematic sources of error have been eliminated. Little, if any, value can be 
attached to the " probable error ” of a very small number of measurements 
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(e.g. a base measured two or three times with a steel tape over the gfound) 
owing to the number of somces of error which may occur in such work. 

Probable Errors of a Triangulation. —If the P.E. of each angle of a triangle 
is p, the P.E. of the sum of the three angles is p. VT; conversely, if the 

triangular error is e, the P.E. of an angle is 


In n triangles the P.E. of an angle is 0-67 since the probable value 

of a triangular error is 0-67 • 

Example : 

The triangular errors in a chain of eight triangles are as follows : 


0-6 
16-7 
9 0 
7-5 
3 0 
8 0 
13 0 
2 0 


0 

279 

81 

56 

9 

64 

169 

4 


P.E. of a triangle = 0-67 = 


Latitude, Longitude and Reverse Azimuth 


P 



The geographical co-Ordinates 
(Latitude and Longitude) of one 
station in any triangulation 
must be known in order that 
the position of the survey as a 
whole can be correctly located 
on the earth’s surface. The 
latitude and longitude of the 
other main stations should be 
calculated as they may be re¬ 
quired for the extension of the 
survey or for other purposes. 

X and Y (Fig. 45) are two 
main stations and XY one of 
the sides of a triangulation: 
the length of XY is therefore 
known. The latitude and longi¬ 
tude, px of the 

true bearing or azimuth, oi, of 
Y from X are known : the 
latitude and longitude, »b. 
of Y and the reverse azimuth, 
at. of X from Y are required. 









Chap. IV 89 

PRX and PYQ are meridians through X and Y respectively, meeting at the 
pole P. RY and XQ are parallels of latitude through Y and X respectively, 
^e azimuth, oi, of Y from X is the angle PXY between the meridian PRX 
and the arc of a great circle, XY. The reverse azimuth is the angle og 

The fundamental formulae are as follows :— 

tan J Aa=tan jAu . sin (^i-f-|A^) sec ^A^ .(1) 

p 1 » COS(ai±iAa) .(2) 

A6>= —i(3) 

v.sinl' cos(^i+jA^) . 

where A^, Ata amd Aa are the required differences in latitude, longitude and 
azimuth, Aa beii^ regarded as (aj±180°)—ai. 

s is the true distance between the stations. 

p is the radius of curvature to the meridian at the mid-latitude. 

V is the radius of curvature at right-amgles to the meridian at the mid¬ 
latitude. 

Log 1/p sin 1* and log 1/v sin 1' are tabulated under the headings log P and 
log O in Tables V, Va and Vb. The values of these terms depend on the " Figure 
of the Earth ” which is adopted in the survey and must be taken out of the 
corresponding table. The fibres most likely to be met with are Clarke’s 1868 
and 1866 (which differ very little), Airy’s, which is used for the Ordnance 
Survey of Great Britain, and Everest’s, which is used for the Siuvey of India 
and the Federated Malay States. Clarke’s 1880 figure is also used in several 
colonial surveys. 

In using the formulae the terms and a,, are regarded as positive when 
the initial station is north of the Equator and east of Greenwich, amd vice 
versa. Azimuths and reverse azimuths should always be measured from 0® to 
360° clockwise from north. 

The signs of A^, Ato and A a may be found from the following rules :— 

(1) A^ is positive when (ai±i Aa) lies between 270° and 090° 

(2) A0 is negative ,, ,, hes between 090° and 270° 

(3) Aw is positive ,, ,, lies between 0° and 180° 

(4) Aw is negative ,, ,, lies between 180° and 360° 

(6) In N. latitude, Aa is when ai hes between 

' ' negative 180 amd 360 

(6) In S. latitude, A a is when ai lies between i^o o^o 

' ' positive 180° and 360° 

It should be noted that the azimuth amd reverse aizimuth between two 
points on the earth’s surface do not differ by exactly 180° owing to the con¬ 
vergence (Aa) of the meridians. 

The amgles Aw and Aa are in general very small, so that some difficulty may 
be experienced in taking out the logarithuns of their tangents from ordinary 

tables. This difficulty may be overcome by adding the log to the log of 

the angle reduced to seconds. Log is tabulated on the laist paige of 

Shortrede’s Tables. 

In computing by these formulae it is first necessary to find approximate 
values, A^. and Aw„ of A^ and Aw to use in equation (1). If a large scale 
plot is available, they may be read off from it with sufficient accuracy ; usually, 
However, it-is necessary to make an approximate calculation of these terms. 

Azimuth, Reverse Azimutti and Distance. 

When the geographical co-ordinates of two stations are known the reverse 














Chap. IV 


process of calculating azimuths and distance is often required. No preliminary 
approximation is required. The formulae are : 

tan iAo=tan JAm sin (^a+^A^) sec .(1) 

tan (oi+iAo)=-^^cos (^a+JA^)..(2) 

s = A^ p sin 1* sec (oii^Ao) 
or, s = Ao> V sin 1' cos cosec (ai±jAa) 

Log - is log ^ from Table V (Va or Vb), the values of log P and log O being 

P ^ 

taken out, as before, for the mid-latitude. 

In the approximate part of the calculation, log P and log 0 may be taken out 
with pA as argument. In the examples given the constants for the Everest 
" figure ” have been used, vide Table Va. 



Form for Cadculaiing Latitudes, Longitudes and Reverse Azunuths. 


{ Initial Station A ... 

Lat. of A (Pj) . 

Long, of A . 

Final Station B . 

Azimuth of B from A (oi) 
log AB (s), in feet. 


e" 12' 57''-820 

99° 45' 02''-960 

Pin. 

305° 07' 45''-84 

5-230 8859 


I 

I 

I 


'log P (for p^) 

L. cos ai . 

log s . 

log Apt (secs.) 

Ap^ . 

} . 

. 

pA + iApw, {^Mo) 


3-996 64 
9-759 99 
5-230 89 

2-987 52 

... -f 971''-7 

= + 16' ir-7 

... + 8' 05''-8 

... + 6° 12' 57''-8 


... + 6° 21' 03'’-6 


d 

ii 

”'3 


'log O (for ptni) 
L. sin ai ... 

logs 

^log Awt (secs.) 


log 0-5 



L. tan i Aa 


log —--• 


3-993 79 
9-912 68 
0-002 67 

5- 230 89 

3- 140 03 
1-698 97 

4- 685 58 
9-043 83 
0-000 00 

6- 568 41 
4-685 58 


log \ Aa 
\Aa 

oi ... 


1-882 83 

76'-35 
01' 16'-35 

305° 07' 45'-84 


± i Ja ... 


305° 06' 29'-49 
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lil 


log P (for 4.^) ... 

L. cos (ai ± i^a) 
logs . 


log A 4 (secs.) 

d4> . 

. 


3-996 6421 
9-759 7602 
5-230 8859 


2-987 2882 

971'-154 
16' n'-154 

6° 12' 57'-820 


^ -.- 


6° 29' 08'’-974 


log O (for 
L. sin (oiii^a) 
L. sec -•- 
log s 


3-993 7850 
9-912 7892 
0-002 6735 
5-230 8859 


log A 01 (secs.) 

Ao, 


3-140 1336 

1380'-809 
23' 00'-809 

99° 45' 02'-960 


22' 02'-151 


o, ± 180° 

Aa ... 


125° 07' 45'-84 

02' 32'-70 

125° 05' 13'-14 


Form for Calculating Distances and Azimuths. 


f 

I 

\ 

i 


Initial Station A 
Final Station B 
I’ata 

M . 

\A4, 

Mid. Lat. (^) 


Data ^ - 


Jai 
i Am 

log i 4 tti (secs.) 



L. tan iAa 


Kweh 

... 4- 6° 24' 01'-968 
... + 6° 35' 07'-715 


... - 11' 05'-747 

... — 5' 32'-873 

... + 6° 29' 34'-841 


... + 99° 40' 20'-905 
... + 99° 50' 15'-741 


9' 54'-836 

594'-836 
297'-4I8 
2-473 367 
4-685 575 
9-053 393 
0-000 001 

6-212 336 
4-685 575 


1-526 761 

33'-63 


i 
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log P (for 4m) . 

colog O (for 4m) . 

log do. (secs.) . 

colog d4 (secs.) . 

L- cos 4m. 

L. tan (oi ± Ido) . 

oi ± ido. 

Odo 

oi (Azimuth of B from A) 
og (Azimuth of A from B) 

3-996 6397 

2-006 2158 

2- 774 3973 

3- 176 6908 

9-997 2053 

9-951 1489 

041“ 47' 03'-67 

;... 3.3'’-63 

041“ 46' 30'-04 

221“ 47' 37'’-30 

L. sec. (oi ± ido) . 

. 0-127 4603 

colog P (for pm} . 

2-003 3603 

log d4 (secs.) . 

2-823 3092 

logs(AB). 

4-954 1298 

« . 

= 89 976-6 feet 


Machine computation of Azimuths and Distance from Geographical Co-ordinates. 
The following formulae are suitable : 


Tani(» + «.)-l^*CotiA„ .(1) 

Tan i (a* - ai) = ^. 

va sin ai sec ^ = vb sin og sec = v* sin A m cosec s (at radius r) ... (3) 

Equation (1) is Dalby's Theorem in a suitable form ; (2) is an approximation, 
although a very close one ; in (3), the first two quantities are the characteristic 
equation of the geodesic line and are absolute in their identity, while the third 
part is an approximation on similar lines. 

- and r are for the mid-latitude of the line s. 

vm {i.e., the normal at the pole) = ^, and is a constant for any given spheroid: 

For Clarke’s 1868 spheroid it is 2099 7705 ft. 

.. Everest’s 1st „ „ „ 2099 2721 ft. 

.. Airy’s „ „ ,. 2099 3850 ft. 

Caution. As the above formula are based on Napier’s Analogies, both ai and 
Og are on the poleward side of s, .'. the azimuth in the 3rd or 4th quadrant, 
either «i or og, must be subtracted from 360° for it to be rendered in the con¬ 
ventional form. 


Example of computing Azimuths and Distance by machine. 


4a-)- 6“ 24' Ol'-OOS 

4,-H6“ 36' 07'-716 

0>A-f99“ 40' 20''-906 
0,4-99“ 60' 16''-741 


A4 11' 06‘'-747 

iA4 6' 32'-873 

6“ 29' 34''-841 

Ao 9' 64'’-836 

JAo 4' 67''-418 

v, 20923790 

sin ai 0-6620809 

sec 4, 1-0066419 

sin iA4 0-00161381 

cos iA4 0-99999870 

cosec 4m 8-8431380 

cot iAto 693-61774 

sec 1*00645575 

cot iAo 693-61774 

^ (for 4m) 0-9934466 

Const. 14032184 
v„ 20992721 

Const/vo 0-66843091 

tani(os-(-Oi) 6132-8661 

tani(oa—ai) 1-11906133 

cosec Ao 346-760 

J (flg-f oi) 89“ 69' 26'-367 

i (<»g—»i) 48“ 12' 66'-101 
i(aa-(-ai) 89“ 69'26'-367 

cosecs 231-786 

s' 889'-901 

r sin 1' (for 4m) 101 -1086ft. 

fli N 41“46'30'-266E 

a, N138“ 12'22'-468W 

s 89 976 -6 ft. 


Va is obtained by multiplying sin 1' in Table III (IIIa or IIIb) by cosec 



1' (206 264-81). 
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In this example the errors in the results obtained do not exceed O-l in. in 
distance (».e., less than 1:10 000 000), and 0'-003 in azimuth ; and this may be 
taken to be the general accuracy of the above formulae. 

For computing Geographical co-ordinates from Beauing and Distance, the 
formulae are: 


Tm. t (a.+A..) = - ^ I * - .™ 

T“ . 

. ® 

where the distance s is expressed in arc with radius v^. 

As in the preceding case, these formulae are based on Napier’s Analogies, 
with the omission of minute angular quantities, negligible on all but long sides 
(of 200 000 ft. or more). 


Example of computing Ge<^aphical Co-ordinates and Reverse Azimuth by 
machine. 


8 170 171-1 ft. 

6°12'67'-820 

M.,-f-99° 46'02'-960 

oi 306° 07' 46'-840 

v„sinl' 101-4412 

90—^^ 83°47'02'-180 

loi 162° 33' 62'-920 

s' 1677'-634 

= 27' 67'-634 

(90—s) 83° 19'04'-646 

(90—84° 14'69'-714 

1(90—s)41° 39' 32'-323 
1(90—^„4-s)42° 07' 29'-867 

—cos 1 (90—s) 

—0-74711427 

sec4(90-^,-f-s) 

1-34828364 
cotloi —1-92628991 

1 a, 62° 32' 36'-669 

l(ai-|-ad 216° 06'29'-479 

tan 1 (oj—A m) 

-1-1-94039411 

—sin 1 (oi-f o,) 

-(-0-67612217 
s 170171-1 ft. 

1(09—Am) 62° 44'06'-963 
l (o9-fAM) 62° 21'06'-166 

A^ -1-97869-172 ft. 

p., sin 1' 100-7767 ft. 

"-sin i (90-^,^) 

-0-66409662 
cosec l(90-^,-|-s) 

1-49086890 
cotloi —1-92628991 

09 126°06'13'-118 

Am — 0° 23' 00'-808 

M* -f99°46'02'-960 

A^' -1- 971'-168 

= -1-0° 16' ll'-168 

-f 6° 12' 67'-820 

tan i(aa-|- Am) 

-1-1-90890327 

4(09-1 -Am) 62°21'06'-166 

M. -f99°22'02'-162 

^ -f6°29'08'-978 




These results show small differences from those derived from the logarithmic 
formulae; they aure, however, in exact agreement with results obtained from 
precise computation. Over long distances (200 000 ft. or so) the formulae given 
for machine computation will ^ve slightly more accurate results than those 
given for logarithmic computation. 

Rectangular Co-ordinates 

The position of a point in a plane may be determined by two meaisurements. 

If OX and OY (Fig. 46) are amy two fixed straight lines at right angles in a 
plane, the position of any point P, in that plane, is fixed if the distances OM 
and MP (x andy), measured adong OX and pairallel to OY, are known. These 
lengths axe the Cartesian Rectangular Co-ordinates of the point, the name 
being derived from Descartes, the inventor of the system. 
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OM is called the abscissa and MP the ordinate of P. The lines OX and OY 
are called the axes, and O is the “ origin." 

Y 


y !y 

_ 2C _ \m _ 

O X 

Fig. 46 

Rectangular co-ordinates provide a convenient and simple means of recording 
the positions of the trigonometrical points in a hydrographic survey, since 
small areas of the earth’s surface may be regarded as " plane ’’ without intro¬ 
ducing appreciable errors. The calculation of rectangular co-ordinates is less 
laborious than that of geographical co-ordinates (latitude and longitude), and 
they provide data which may be used in a simple manner for plotting the 
framework of the survey. 

When the method is applied to a triangulation, it is usual to select one of 
the trigonometrical points as the initial station, or " Point of Origin,” O, and 
OY—the y-axis—^becomes the true meridian through that station, and OX— 
the x-axis—^is a line drawn at right angles to the meridian through the station. 
The x-axis on the earth is consequently a great circle at right angles to the 
meridian through 0 ; it is not a parallel of latitude which is a small circle on 
the earth. By convention, the x co-ordinates are regarded as positive when a 
station lies to the east of the y-axis and negative when it lies to the west, and 
the y co-ordinates are regarded as positive when the station lies to the north 
of the x-axis and negative when it lies to the south. 



Before co-ordinates can be calculated from the triangulation, it is necessary 
to know the true bearing or azimuth of one of the stations from that selected 
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as the Point of Origin. An arbitrary azimuth could be used but the co-ordinates 
would have to be subsequently changed when the true azimuth was measured. 
The method of calculating the rectan^lar co-ordinates will now be explained. 

O, P. Q and R (Fig. 47) are four trigonometrical points of a survey and O is 
selected as the point of origin for the calculation of rectangular co-ordinates. The 
azimuth (a) of the side OP is known. The angles of the triangulation are 
adjusted and the lengths of all the sides are calculated by plane trigonometry 
by the methods already explained. Then it is clear from the figure that the 
co-ordinates of P (xiyi) are ; 

Xi=OP sin a 
yi=OP cos a 

And the co-ordinates of Q (xgyt) are : 

x, =OQ sin (o-l-POQ) 

y, =OQ cos (a-hPOQ) 

The co-ordmates of Q may also be obtained through P, for, if lines parallel 
to the axes are drawn through P, it will be seen that the co-ordinates of Q may 
be foimd from the equations : “ ^ 

sin p 

y8=yi-fPQ cos p 
Where p=OPQ—a. 

Attention must be paid to the signs of the various terms; as Q lies to the 
East and South of P, PQ sin' p will be positive, and PQ cos p will be negative. 

The co-ordinates of R(xsy,) cannot be found directly from O but may be 
calculated either through P or Q, as follows : 

^»=^i+PR sin S 
yj=yi-i-PR cos 8 
Where S=180°-(RPQ-j-p) 

Or, a;,=xj- 1-QR sin y 

wn. 3'»=>'*+QRcosy 

Where y=PQR— p 

The co-ordinates are usually measured in feet. It must be cMarly imderstood 
that the lines drawn through P, Q and R parallel to the axis OY are not true 
meridians, and the angles p, y and 8 do not represent true bearings : they are 
usually called " false ” or “ co-ordinate " bearings and they differ from true 
bearings by an amount equal to the " convergency of the meridians.” 

WTien the rectangular co-ordinates are given, the reverse process of calcu¬ 
lating the sides and angles is equally simple. Supposing the sides arifl angles 
of triangle PQR are required and the co-ordinates of P, Q and R are given 

Xiyi, Xiyi, and x,y,, respectively. Then the angles can be found as follows: 


tan y = 

yi-yi 

tan 8 = 

yt—yi 

Angles P, Q and R can be deduced from the values of p, y and 8. The sides 
may then be found from the equations : 

PQ = (xt-xi) cosec p = (yi-yj) sec p 

PR = {Xi—Xi) cosec 8 = (y*—yO sec 8 

QR = (xi-Xi) cosec y = (y,-y*) sec y. 


Rectangular Spheroidal Co-ordinates.—The methods described above made 
use of plane angles no account being taken of the curvature of the earth. In 
•urveys of small extent this practice is quite in order, since errors will be 
negligible, but, when a survey extends over large areas, and partic ular ly when 
the distance east or west of the Point of Origin is great, the use of ” plane ” 
co-ordinates is inadmissible. 
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It is clear that the position of a point on the earth's surface can be precisely 
defined, with reference to another point, by the intercept of a great circle drawn 
through it at right angles to the meridian through the point of reference, and 
the distance along that meridian between the point of reference and the point 
of intersection of the great circle. Rectangular spheroidal co-ordinates define 
positions in this maimer. 



O, P and Q (Fig. 48) are three trigonometrical stations of a survey, O is selected 
as the point of origin ; OX and OY are therefore the axes of the co-ordinates. 
Through P and Q draw the great circles MPCX and NAQX at right angles to 
OY ; thege will meet OX at the point X, a pole on the equator 90° from O. 
Draw the small circles PAB and CQD through P and Q respectively and 
parallel to OY. 

Then, the co-ordinates of P are : 

x=MP andy=OM 

And the co-ordinates of Q are : 

ie=NQ andy»=ON 

It will also be seen that MP=NA=OB and MC=NQ=OD. Now, all points 
on MPCX have the same y co-ordinate, i.e., the length OM, and all those on 
NAQX also have the samey co-ordinate, i.e., the length ON. When the distance 
of stations from the y-axis is great, their y co-ordinates exaggerate their true 
distance North or South of the x-axis, and the distance between two such 
stations, obtained directly from the differences of their co-ordinates, is not a 
true Stance : it may be called a “ false ” or “ co-ordinate ” distance. 

The adjustment and calculation of a triangulation give plane angles and the 
true leng ths of sides. When rectangular spheroidal co-ordinates have to be 
computed, or when the sides and angles have to be found from these co-ordinates, 
it is necessary; 

(i) To take into account the curvature of the earth. 

(ii) To modifj' the equations used for “ plane " co-ordinates by including 

second order terms. 

The equations necessary for finding spheroidal co-ordinates from bearing 
and distance, and vice versa, are as follows: 

(1) a„ = J(ai+a*) 

(2) Log tan a„ = 

(3) log fai -og)* = i0-37i4-+-log {x»-f-x)-flog (yi-y) 

(4) log (x^-x) = log (s . sin oJ-|-r 
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(6) log (y^—y) = log (s . cos aj)+p-q 

(6) log s = log ^f)+log cosec a„—r 

• vu • , = log (y->')+logsec a„-/)+y 

in which, aj IS the ‘ bearing ” of the second station from the first. 

,, 02 is the reverse “ bearing.” 

.. are the co-ordinates of the two stations expressed in feet. 

,, sjs the true distance between the two stations. 

,, ,, (10-3714) is a constant log : it is not quite correct for all latitudes, 

but may be used without appreciable error. 

„ ,, p, q and r are quantities which can be taken from Table VI and 

applied as corrections to the logarithmic terms. 

The “ bearing ” oj is not a true bearing except when the initial station is the 
point of origin, e.g ., In Fig. 48, if the co-ordinates of P are being calculated from 
the side OP, aj = POM, and is in this case a true bearing ; and ot = OPB. 

If the co-ordinates of Q are being calculated from the side PQ. a. = QPB : 
and 02 = CQP. 

(Should any doubt arise, a glance at formula (3), above, will show that the 
•ign of the expression (oi - o*) is determined by the signs of (x^ -f x) and 
(^, y) ; when both these expressions have similar signs (oi — oj) is positive, 
t.e., oi > 02 -t- 180°; when they have different signs (oj — 02 ) is negative, 
i.e., oi < 02 -f 180°.) 


To calculate rectangular spheroidal co-ordinates : 

In Fig. 48, the co-ordinates of P and Q are required and the elements of the 
triangle OPQ found from the triangulation are as follows : 


Angle 


Plane Angles. 
39° 10' 18'-1 

67° 56' 22'-5 

82° 53' 19'4 


19'-0 
23'-5 
20 ' 


Spherical angles. 


Spherical e 


Area of triangle 
170 sq. nautical 
mUes. 


ss=2'-9. 


log OP . 6-208 4217 

.. OQ . 5-139 9094 

.. PQ . 5-012 2495 

The true bearing, or azimuth, OP=035° 02' 10'-8. 

The approximate co-ordinates of P and Q, which must first be obtained 
from a rough plot or calculation, are :— 

P : x=+ 92770 ft. ; y=-)-132310 ft. 

Q : x=-f 132800 „ : y=-f 37560 „ 

When the co-ordinates of P have been found, those of Q may be calculated 
from the side PQ as a check on those obtained from the side OQ. The com¬ 
putation is shown below. It should be noted that in fimding the bearing a, for 
u*e in columns 3 and 4, the spherical angles of the triangle are used. The reverse 
process of finding the sides and angles from the co-ordinates is rather shorter 
»* p, q and r may be looked out at once without a preliminary calculation to 
find the approximate co-ordinates. 


form for Computation of Rectangular Spheroidal Co-ordinatee. 

^2^3^ 4. 


Stations. 

0 —p 

O-Q 

P-Q 

- ' . 

+ 92770 

-1- 132800 

-f- 132800 

1 " 

0 

0 

+ 92770 

j' . 

-1- 92770 

-h 132800 

+ 40030 


-1- 92770 

-1- 132800 

t 225570 

1 . 

-1- 132310 

+ 37560 

+ 37560 

1 ^ . 

0 

0 

+ 132310 

^ y^—y . 

+ 132310 

-t- 37560 

— 94750 
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! 

l! 

! 

i 


I 


[i 


1 


1. 

2. 

3. 

4. 

Stations. 

0 —P 

O-Q 

P-Q 

p (for (xi+x)) . 

q (for )xi—x) ) . 

r (for (y»-y)) . 

Const, log. 

\o%(x^+x) . 

log (yi-y). 

11 

4 

14 

■I0-3714 

4- 4-9674 

4- 5-1216 

22 

7 

2 

iO-3714 

4- 5-1232 

4- 4-5747 

63 

1 

7 

10-3714 

4- 5-3533 

- 4-9766 

log(oi—as) . 

ai—03 . 

i (01—03). 

02 . 

4- 0-4604 

4- 2'-89 

4- l'-44 

035° 02' lO'-S 
215° 02' 07'-91 

4- 0-0693 

+ r-17 

4- 0'-58 

074° 12' 29'-8 
254° 12' 28'-63 

- 0-7013 

_ 5'-03 

- 2'-51 

157° 05' 44'-41 

337° 05' 49'-44 

.. 

035° 02' 09"-35 

074° r2' 29'-21 

157° 05' 46'-92 

log .. 

L. sin a,. . 

+ r . 

5-208 4217 
9-758 9799 

14 

5-139 9094 

9-983 2908 

2 

5-012 2495 

9-590 1532 

7 

log . 

4-967 4030 

5-123 2004 

4-602 4034 

log s . 

L. cos a,.. 

+P-9 . 

5-208 4217 
9-913 1737 

7 

5-139 9094 
9-434 7987 

15 

5-012 2495 

9-964 3354 

62 

log (yi-y). 

5-121 5961 

4-574 7096 

4-976 5911 

xf^-x . 

4- 92769-0 

0 

4- 132800-7 

0 

4- 40031-7 

4- 92769-0 

*1 . 

4- 92769-0 

4- 132800-7 

4- 132800-7 

y'-y . 

y . 

4- 132311 0 

0 

4- 37558-6 

0 

— 94752-6 

4- 132311-0 

y'^ . 

4-» 132311-0 

4- 37558-6 

4- 37558-4 

1 




When the stations, whose co-ordinates are calculated in this manner are 
plotted, great circles at right angles to the y-axis are treated as straight lines 
parallel to the x-axis. There is, therefore, an error in projection m a north ^d 
south direction increasing as the square of the distance at which the ploWed 
point lies from the y-axis. At a distance of 30 sea miles the error amounts to 
about 1/26,650 ; at 60 sea miles it is 1/6,637. The existence of such e^ors in plot 
ing does not invalidate the use of this method since every method of plotting 
temstrial features on a plane is necessanly burdened with some systematic 
errors Rectangular spheroidal co-ordinates represent actual distances on the 
earth’s surface ; for the purposes of plotting they are reprded as plane 
co-ordinates and the resulting projection is known as the Cpsmi-Solitaer.^ in 
other projections, such as the Transverse Mercator, the , 
orHinaL used for plotting, are calculated by formulae which differ slightly 


ordinates, used for plotting, are calculated by f , , ^ 

from those given here, and they do not represent actual distances ( 


The formulae applicable to the calculation of plane rectan^^r co-ordinates 
may be used when the distance east or west of the Point of Origin does not 
exceed 100,000 ft. If the distance exceeds this, the formulae for rectangular 
spheroidal co-ordinates should be used. 
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Computation of Rectangular Spheroidal Co-ordinates from Bearing and Distance 
by machine. 

The formulae in this case are : 

x—s sin a - ^ sin a cos* a +. 


Here r is the mean radius of the earth at the mid-latitude of the side s, 
but in all normal circumstances the second term in each case is so small that a 


as 0-76X 10~“, and to obviate any difficulty in using it in this form we divide 
B by 10® (or move the decimal point five places to the left) amd take the cube 
of the result. Thus, for s=161,592-7 ft. we have (l-616)*=4-22, so that 


An example of computation (by machine) follows : 


s= 161592-7 
a= 35“ 02' 10'-8 


s 161592-7 

s 161592-7 

sin a -1- 0-57409578 

cos o -t- 0-81878816 

-1-92769-69 ft. 

dO'= -t-132310-19 ft. 

s* 4-22 sin a-l-0-574 

s» 4-22 sin«a0-329 

Const. -0-38 • cos«o 0-670 

Const. -I-0-76 cos a -(-0-819 

= -0-62 ft. 

day = -(-0-86 ft. 

» = -f92769-07 ft. 

y = -f 132311-05 ft. 


! Transformation of Rectangular into GEOCRAPmcAL Co-ordinates, and 
THE Reverse Process. —It is often necessary to transform the rectangular co¬ 
ordinates of trigonometrical points into geographical co-ordinates, and vice versa. 

In Fig. 49, diagrams (i) to (iv), O is the point of origin of the rectangular 
eo-ordinates and Q another point in the triangulation. P is the Pole, PO and 
PQ are meridians through 0 and Q respectively, and QM is a parallel of latitude 
i through Q. QN is the arc of a great circle, drawn through Q to cut PO at right 

f ongles. Then, by definition, the rectamgular co-ordinates of Q, xy, are the 
t lengths QN and ON. 

To Transform Rectangular into Geographical Co-ordinates. 

and are the latitude and longitude of O and Q respectively, and <f>K 
I he latitude of N. If ^a“a are known, and 0 b<^b are to be calculated; it is required 
to find: 

= OM, the difference of latitude between O and Q. 

Ato = OPQ, the difference of longitude between O and Q. 

Let MN = 1 ): then A^=OM=ON±ti. 

„ p = radius of curvature in the meridian. 

„ V = radius of curvature at right angles to the meridian. 

The fundamental formulae are : 



■>J = <ks — <l>B= 2 p V siiT T" values of p and v being 

token out with as argument. 


i 













100 


Chap. W 


A.. = ±<-*±o>. = sec (^,-2/3 7,) : the value of v being 

taken out with as argument. ^ 

Second terms are omitted from these formulae, but they are sufi&ciMitly 
accurate for all normal requirements. 



Fig. 49 


Before an accurate value of A^ can be determined, an approximate value. 
A^a must be found from the formula ; 

_JL_ = y P, where P = and log P is tabulated 

“ p sin 1 P sui 1 

in Tables V Va and Vb : A* may be used as argument. tr> 

applied to gives^and an approximate value for the latitude of Q. 
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= ON ± 

= yV±X* 

^ ^ 2 p V sin 1' 

the values of log y are tabulated in Tables V, Va and Vb for every 

10' of latitude. In this equation, P js taken out with (^,i+JA^,) as argument 
tan <k 

and log 2 p V sin 1* taken out with pg as argument. 

A^ applied to gives 

Then A«=a: sec (^b + 1/3 yj) . O ; where O = ^ and log O is tabu¬ 

lated in Tables V, Va, Vb, and is found with ^ as argument. 

Aw, applied to eo*, gives w,. 

Sign Conventions. —^The normal sign conventions for the rectangular and 
geographical co-ordinates are used, i.e., x andy are positive to the east and north 
of the axes, negative to the west and south ; latitude is positive north of the 
Equator, longitude is positive east of the meridian of Greenwich, and vice versa. 

It will be seen from Fig. 49, diagrams (i) to (iv), that the sign of ij is differerit 
from that of y, if Q is nearer the pole than O, but the same as that of y, if Q is 
further from the pole. This gives the following convention for the sign of ti in 
the formula for Ap : 

— N 

Yj is — according as Q is g-of the equator. 

It will also be seen from the figures that, in the expression (^b+1/3 yj), the 
arithmetical, not the algebraical, sum is required. 

The full expression for y) is : 

_ X* tan pg (1 -f 3 tan* 

2 p vsin 1’ 24 p* v* sin 1' 

The second term becomes appreciable, i.e., O'-OOGfi in pwrecise working, when 


: lat. 50“, log x=5 -31 ; lat. 60°, 


log X (feet) has the following values :— 

Lat. 30°, log x=6-44 ; lat. 40°, log x=5 
log x=6 -20. 

The values of log P, log O and log 2 ^ v^sin ~P depend on the " Figure 
of the Earth ” which is adopted in the survey. The tables of these expressions 
appropriate to the adopted “ figure ” must be used. The formulae here given 
are applicable to plane rectangular co-ordinates, confined to short distances, 
and to rectangular spheroidal co-ordinates calculated for the Cassini projection : 
they cannot be used for rectangular co-ordinates which have been calculated 
(or the Transverse Mercator or other orthomorphic projections. 

An example of transforming rectangular spheroidal co-ordinates into geo¬ 
graphical co-ordinates is given below. Constants for Everest’s figure (Table Va) 
arc used. 

Ka*mple of Transfonnation of Rectangular into Geographical Co-ordinates. 


(Origin, A : Lat. 

Long, (o,*) 

H I Point required, B ; x 


logy . 

log P (for 


+ 5° 57' 54'-530 

-f 100° 38' 15'-340 

— 321934-2 feet 
+ 91298-8 „ 
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.+ 

5° 57' 55' 

. 

.+ 

15' 06' 

. 

.+ 

6 ° 13' or 

7 

.+ 

5° 57' 55' 

. 

.+ 

7' 33“ 

. 

.+ 

6 “ 05' 28' 

logy. 

log P (for . 


4-960 4651 

3-996 6463 

log y . P . 

!!! !!! + 
= + 

2-957 1114 

905'-965 

15' 05'-965 

log .. 


5-507 7671 

2 log * . 


11-015 53 

log o — 

Z p . V . sin 1 


n-412 11 

log 1). 


0-427 64 

02'-677 

^.p ;;; ::: 

+ 

15' 05'-965 

H . 

. 

... + 

.+ 

15' 03'-288 

5“ 57' 54'-530 

. . 

.+ 

6 “ 12' 57'-818 

^.+ 1/3 7) . 

.+ 

6 “ 12' 58'-71 

log .. 

L. sec (^,+ 1/3 7)) . 


5-507 7671 

0-002 5611 

log O (for . 


3-993 7857 

log Ja> (secs.) . 

J<a 


3-504 1139 

3192'-375 



53' 12'-375 

. 

.+ 

100“ 38' 15'-340 

«». . 

.+ 

99“ 45' 02'-965 


To Transform Geographical into Rectangular Co-ordinates. 

The fundamental formulae are : 

x=Aw V sin r cos (^b+ 1/3 ^i), where v is taken out with as argument, 
p sin r, where p is taken out with — as argument. 

Before an accurate value of x can be determined, an approximate value, Xa, 
must be found from the formula 
Xa= Am V sin 1* cos ^ 

_ ^ where O is found from Tables V, Va or Vb, with <^b as 

argument. 

Then, T) = - 27 ^P ^an K where gpTsit 'r 
Va or Vb, with ^ as argument. 

Then, t|, applied to gives since ^s=^b+’) : and 
X = cos^(.^4-1/3 -n) ^ ^jiere O is found with as argu lent. 

y = where P is found with as argument. 
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The sign conventions are the same as those given for the reverse process, 
except that in transforming geographical into rectangular co-ordinates, will 
always be arithmetically greater than This gives the following sign 
convention for tj : 

• + N 

1 ) IS — according as B is of the equator. 

An example of transforming geographical into rectangular co-ordinates is 
given below. The constants for Airy’s " Figure ” are used for finding the values 

of log P, log O and log £ p^^sin 1* ’ 


Example of Transformation of Geographical into Rectangular Co-ordinates. 


Origin, A Lat. 

+ 

51° 16' lO'-SSO 

Long. (a)J. 

+ 

0° 39' 55'-564 

Point required, B Lat. (^) . 

+ 

51° 36' 05'195 

Long. {<«,). 

+ 

0° 53' 37'-820 


+ 

13' 42'-256 

... I I T. ... 

L. cos ^ . 


822'-256 


2-915 0071 

9-793 18 

colog O (for . 


2-007 11 

log af, . 


4-715 30 

2 log ar,. 


9-430 60 

'°«2pvsinr . 


10-472 43 

log >1 . 


T-903 03 

1 ::: ::: ::: 


0'-800 

+ 

51° 36' 05'195 

. 

+ 

51° 36' 05'-995 

^+1/3 7) . 

+ 

51° 36' 05'-46 

log A m (secs.). 


2-915 0071 

L. cos (^+1/3 71) . 


9-793 1805 

colog O (for <i,). 


2-007 1051 

log a: . 


4-715 2927 

^. 

+ 

51915-0 feet 

. 

+ 

51° 36' 05'-995 

4>. . 

+ 

51° 16' 10'-380 

. 


19' 55'-615 

.-. . 

+ 

1195'-615 

. 

+ 

51° 36' 05'-995 

. 

+ 

51° 16' 10'-380 

. 

+ 

102° 52' 16'-375 



51° 26' 08'-187 

log A^ . 


3-077 5913 

colog P for . 


2-005 9691 

log y . 


5-083 5604 

. 

+ 

121216-1 feet 
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Transformation of Co-ordinates by machine. 

For maehme working of Rectangular into Geographical co-ordinates, the 
following formulae may be used : 

Tan A<o = tan x sec 
1 ) = « sin jAto sin 

The first expression may be regarded as absolute; while the error of the 
second will not exceed 0-01 feet in latitude 53° with x co-ordinates up to 
30 miles ; this error decreases somewhat in lower latitudes. A worked example 
follows: 


+ 5° 67' Si'-SSO 

w* -t-100°38'15'-340- 

;r -321 934-2 ft. 

y -1-91 298-8 ft. 


y 91298-8 ft. 

p sin 1’ 100-8 ft. 

(tor 

X -321934-2 ft. 

vsinl" 101-4412 ft. 

(for 

X —321934-2 ft. 

sin i Aw 0-007738 

sin 4, -1-0-10829 

A4, 906" 

i A4. 7' 33" 

^ 6° 06' 28" 

AT (secs) -3173"-604 

= -0° 52'53"-604 

tan;r -0-01538728 

sec -1-1-00591554 

tan A u -0-01547831 

Aw -0° 63'12'-375 

i Aw -0°26'36"-2 

■/) 269-8 ft. 

y 91298-8 ft. 

y 91298-8 ft. 

p sin 1' 100-7762 ft. 

(for 

A4(y-7i) -1-91029-0 ft. 

p sin 1' 100-7762 

(for 4. J 

y P 906"-965 

= 0° 15' 06"-965 
<1,^ 6 ° 57' 54"-530 

4,^ 6 ° 13' 00"-495 

A4 903"-288 

= -t-0° 15'03"-288 
4* +6° 67' 54"-530 

4. -1-6° 12'57"-818 

Aw -0° 53' 12"-375 

w, -f 100“38'15"-340 

w. -|-99‘’45'02"-965 


For machine working of the reverse process. Geographical into Rectangular 
co-ordinates, the appropriate formulae are : 

Sin X = sin Aw cos p^ 

7) = X tan jAw sin p^ 

The accuracy of these equations corresponds to that of their counterparts 
above. A worked example follows ; 


w 

-1-51° 16' 10"-380 
-f 0°39'66"-564 

4. 

-|-51°36'06"-195 
+ 0°53'37'-820 

A4 
i A4 

0° 19' 54"-816 

0° 09' 57"-4 

Ab> 

-f0° 13' 42'-266 

i Aw 

-t-0°06'51"-128 


61° 26' 08' 

COS 

-1-0-00398640 

-1-0-62112804 

;r 

51914-9 ft. 

A^ 

p sin 1" 

(for 4„) 

1194'-816 
101-3838 ft. 

sinx -i-0-00247606 

tan i Aw 

-fO-001993 


A^ 

-1-121 134-9 ft. 

x(secs) 

-l-610'-725 

sin 4. 

-t-0-783709 

''"(for^.) 

101-6494 ft. 

rt 

81-1 ft. 

+ tl 

81-1 ft. 


-1-51 914-9 ft. 



y 

-f 121 216-0 ft. 


Transferring of Rectangular Co-ordinates from One Point of Origin to 
Another. —It is often necessary to transfer rectangular co-ordinates from 
one Point of Origin to another. If, for instance, a survey is being made in the 
Thames Estuary, use may be made of Ordnance Survey points on the Kent 
and Essex coasts ; the co-ordinates of the former may be based on a Point of 
Origin in Kent, those of the latter on a Point of Origin in Essex. For the 
purposes of the survey it is convenient to transfer them all to a common 
point of origin. Again, the Point of Origin may be so distant from the scene 
of the survey that the rectangular co-ordinates of the stations are expressed 
by inconveniently large figures, in which case a more central point of origin 
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may be selected and the co-ordinates can be transferred to this new point of 
reference. 

It is clear that the transference cannot be effected by direct addition 
and subtraction since, owing to the convergency of the meridians through the 
two points of origin, the axes on which the co-ordinates are based are not 
parallel. The transference must be made by : 

(i) Calculating the geographical co-ordinates of the required points from their 
rectangular co-ordinates; 

(ii^ Calculating their new rectangular co-ordinates on the new point of 
origin from these geographical co-ordinates. 

The methods of doing (i) and (ii) have already been explained. 

Intersection 

The trigonometrical points of a triangulation are nonnally fixed by rays 
observed both to and from them, and the observations are adjusted in the 
manner already described. It sometimes happens, however, that it is necessary 
to fix accurately a point which is either Inaccessible or is of such character 
that angles cannot be observed at it. Such points are said to be “ intersected ” ; 
preferably their use as a part of the main triangulation S 3 retem should be 
avoided, but it occasionally happens that there is no alternative to this. 



In Fig. 50, X is an inaccessible point which it is required to fix ; rays to it are 
observed from A, B and C, three trigonometrical points of which the positions 
are known. The receiving angles at X, i.e., AXB, CXB and AXC, can be 
deduced from the observations by closing the three triangles in each of which 
two angles have been measured. The lengths of sides AB, BC and AC are 
known from the triangulation, and the position of X {e.g., by rectangular 
co-ordinates) can, therefore, be determined independently from each of the 
three triangles which connect it to A, B and C. A mean of the three results 
may generally be adopted, but if one of the receiving angles is small, say, less 
than 25°, the final position should be obtained by “ weighting ” each result in 
proportion to the values of the sines of the receiving angles. 

\^en more them three rays are available, it is a matter of some difficulty 
to weight the results properly and it is preferable to solve the problem by the 
semi-graphic method. 

Semi-Graphic Intersection. —^The semi-graphic method of intersection is 
useful when there are a considerable number of rays to the station which is 
to be fixed. The object of this method is to provide a large scale diagram 
showing the paths of the observed rays in the immediate vicinity of the object 
which is being intersected. The picture so formed enables the most probable 
position of the intersected object to be seen almost at a glance and also makes 
it obvious which rays, if any, should be rejected owing to errors of observation. 
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Example : 




In Fig. 51, A, D, C, F and E are five points of an adjusted triangulation. 
The angles and the lengths of the sides of this figure are therefore known, and 
it is a condition for the applicability of the method that these sides and angles 
must be mutually consistent. It is required to fix the station G to which angles 
have been observed from A, D, C, F and E. The rays AG, DG, etc., should all 
meet at one point, but owing to errors of observation they will not in general 
do so precisely. , • t'- 

In practice, the state of affairs will be as exemplified and exaggerated m Fig. 
52, where the intersection of the rays from A and E is at gi, that of the rays 
from A and D at g*, and so on. 

The problem is to find a position for G which will best accord with the various 
observations, and the method is as follows ; The triangle AEgi can be solved, 
since the side AE and the angles at A and E are known : so also the triangles 
ADgt, DCg,, CFg 4 and FEg,. The side Agi is found from the triangle AEgi 
and the side Ag* from the triangles ADgg; the differences of these lengths is 
g, gs. The differences gjg,, g,g 4 , gigt and gsgi can be found in a similar manner. 
Knowing these differences, a large-scale fipre can be drawn representmg the 
rays in the immediate vicinity of G, as will be clear by a numerical example. 

The adjusted figure ADCFE has the following dimensions ;— 


Fixed Spherical Angles. 
EAD .. .. 45° 58' 

ADC 
DCF 
CFE 
FEA 


105 59 
158 42 


22-7 
03-4 
59 0 
48-3 


Fixed Sides. 

Log AE in ft. 4-816 2849 
„ AD „ 4-666 2812 

„ DC „ 4-969 2497 

„ CF „ 4-685 7492 

„ FE „ 4-784 1030 


Sum .. 540 00 02-1 


The first step is to make a " station " adjustment at each observing station ; 
for instance, the observed angles 9 and 11 will not generally sum exactly to the 
fixed angle DCF, and they must be made to do so by arbitrary adjustments, 
e.g., equal corrections to each angle. It is not essential that both angles at 
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each observing station shall have been observed; if only one has been observed 
the other is inferred and adjustment is unnecessary. In the example, angles 
2, 3 and 6 are not observed. 


Observed Spherical Angles. 

Adjustments. 

Working Angles. 

3. 

16 

43 

21-9 (inferred) 

' 

16 

43 

21-9 

5. 

29 

15 

26-8 

— 

29 

15 

26-8 


45 

58 

48-7 





6 . 

8 . 

83 

73 

36 

49 

47-7 (inferred) 

35-0 

— 

83 

73 

36 

49 

47-7 

35-0 


157 

26 

22-7 





9. 

15 

18 

39-0 

— 5-3 

15 

18 

33-7 

11 . 

56 

33 

35-0 

— 5-3 

56 

33 

29-7 


71 

52 

14-0 


03-4 




03-4 





Diff. 



10-6 





12 . 

90 

37 

32-0 

+ 2-0 

90 

37 

34-0 

14. 

15 

22 

23-0 

4 - 2-0 

15 

22 

25-0 


105 

59 

55-0 


59-0 




59-0 





Diff. 



4-0 





15. 

ll9 

26 

41-4 

_ 

119 

26 

41-4 

2 . 

39 

16 

06-9 (inferred) 


39 

16 

06-9 


158 

42 

48-3 






The spherical excess of each triangle is now found from a rough plot by which 
the areas of the triangles can be estimated. Spherical excess is practically 
equal to 1* of arc for every 60 square nautical miles, see Table II. In this 
example the values (to the nearest tenth of a second) are ; 

Triauigle .. AEG ADG CDG CGF FEG 

Spherical excess 0' -2 0' -3 0' -5 O'-S 0* -3 

The sum of these values must be the same as the spherical excess of the whole 
figure, i.e., 2’’1. The central angles 1,4,7, etc., can be deduced from the exterior 
" working ” angles 3,5,6, etc., and the unknown sides are calculated as follows : 


Spherical Angles. 


31-3 

21-9 


9-801 3736 
0-081 4702 
4-816 2849 
9-459 0015 
4-699 1287 
4-356 7566 

9-689 0727 
0-035 5590 
4-666 2812 
9-997 2962 
4-390 9129 
4-699 1364 
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Spherical Angles. 

Excess. 

AT-. 

Log Sides. 

Sides 

(feet). 

8 . 

73 

49 

35 0 

0-2 

34-8 

L sin 

9-982 4620 



7. 

90 

51 

51-8 

0-2 

51-6 

l! cosec 

0-000 0494 









log DC 

4-969 2497 



9. 

15 

18 

33-7 

01 

33-6 

L. sin 

9-421 6535 









log Cgt 

4-951 7611 

Qs 

89487-2 







log Dg, 

4-390 9526 

Dg, 

24601-0 

11 . 

56 

33 

29-7 

0-3 

294 

L sin 

9-921 3981 



10 . 

32 

48 

571 

0-2 

56-9 

l! cosec 

0-266 0487 









logCF 

4-685 7492 



12 . 

90 

37 

340 

0-3 

33-7 


9-999 9741 









log Fg 4 

4-873 1960 

Fg4 

74678-6 







log Cg* 

4-951 7720 


89489-5 

14. 

15 

22 

25 0 

01 

24-9 

L. sin 

9-423 4287 



13. 

45 

10 

53-9 

01 

53-8 


0-149 1427 









log FE 

4-784 1030 



15. 

119 

26 

41 4 

0-1 

41-3 

L. sin 

9-939 9332 









log Egj 

4-356 6744 

Eg, 

22733-9 







log Fgs 

4-873 1789 

Eg, 

74675-6 


The differences between the lengths Agi and Agj, Dg* and Dgj, etc., are as 
follows : 

Sides .. Ags-Agi Dg,-Dgj Cgi-Cg, Fgi-Fgj Egi-Eg, 

Diffs. (ft.) 0-9 2-3 2-3 3 0 4-3 

A large-scale diagram (Fig. 53) can now be drawn on a convenient scale, 
say, J an inch to 1 foot. Draw a line as in Fig. 63, representing the observation 

■> 



from A and for convenience having approximately the same bearing as that 
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observation, and on it mark two points and gt 0-46 in. (representing 0-9 ft.) 
apart. Since Agi is shorter than Agt, gi will be the nearer point to A. Through 
gt draw a line from D, making the angle DgjA equal to 67° 08' and through gi 
draw a line from E making the angle EgiA equal to 124° 01'. Now Dg* is 
shorter than Dg, by 2-3 ft., and so gt can be marked on the line from D at a 
point 115 ins. from gj. Similarly Egi is shorter than Egi by 4-3 ft. and so gt 
can be marked on the line from E at a point 2 15 ins. from gj in the direction 
of E. From g, and g„ draw the lines from C and F respectively, making the 
angle CgtD equal to 90° 52', and FgtE equal to 45° 11'. These two lines meet 
at g 4 and, if the figure has been correctly drawn, the distance g^gt should be 
1T5 ins., i.e., equivalent to 2-3 ft., the difference between Cgj and Cgi, and 
gtg 4 should be 1-50 ins., i.e. equivalent to 3 0 ft., the difference between Fg, 
and Fg 4 . The diagram now represents a picture of the observations in the 
vicinity of G. The final position may be interpolated by eye, having regard 
to the relative lengths of the observed rays. 

Assuming that the position adopted is that shown in Fig. 53, the corrections 
to the angles and sides, which are required to adjust the observations to con¬ 
formity with this position, may be found as follows : 

(i) Angles. —Measure the perpendiculars from G to each of the rays. 

In the example the measurements are : 

To ray from; A. D. C. F. E. 

Perp. (ins.) .. .. 0-57 0 16 0-59 1 06 0 10 

Corresponding to (ft.) .. 11 0-3 1-2 21 0-2 

T., .. . Dist. subtended in ft, x 34 

Then, correction m secs. = ^-- .. 

Dist. of object m naut. miles 

These may be worked out on a slide rule : the results are : 

Correction to ray from A = ± 4* -9 
„ D=±2'-5 

.. .. „ C = ± 2'-8 

.. .. F = ± 5*-8 

„ E=±r-8 


It is obvious from the figure which way the rays must be swung, and hence 
which of the exterior angles receive the -\- and — corrections respectively. 

(ii) Sides .—Draw perpendiculars from G to each of the rays : for the sake 
of clearness, only the roots of the perpendiculars are shown in the figure. The 
corrections to the sides can then be measured off and converted into feet as 
follows: 


Correction to 


Agi = -1-0-51 in 

s. t.e. + 10ft. 

Agi = r}-0-06 ,, 

i.e. -l-O l ,, 

Dg, = -t-0-56 „ 

i.e. + 11 „ 

Dg, = -0-59 „ 

i.e. - 1-2 „ 

Cg, = +015 „ 

i.e. +0-3 „ 

Cg4 = -102 „ 

i.e. - 2 0 „ 

Fg4 = -0-58 „ 

i.e. - 1-2 „ 

Fg, = +0-90 „ 

i.e. + 1 '8 ,, 

Eg, = +1-40 „ 

i.e. -|- 2-8 ,, 

Egi = -0-77 „ 

, i.e.-15 „ 


The final angles and sides may now be re-tabulated, the adjusted central 
angles being deduced from the corrected exterior angles. Two results are 
obtained for the length of each side and these should agree with each other 
and with the corrections foimd from the plot, subject to small discrepancies 
which cannot be avoided unless the computations are taken to hundredths of a 
•econd. If the spherical excess of the whole figm-e does not exceed 2", it may 
be neglected and plane angles can be used throughout the working. 
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Adjusted Angles and Sides 


Excess. 

Plane 

Angles. 

Log Sides. 

Sides. 

01 

08-6 

L. sin 

9-801 3782 


0-1 

34-4 


0-081 4747 




log AE 

4-816 2849 



170 


9-458 9671 




log AG 

4-699 1378 

50019-3 



log EG 

4-356 7267 

22736-7 

0-1 

31-6 

L. sin 

9-689 0911 


01 

43-3 


0-035 5611 




log AD 

4 -666 2812 


0-1 

451 

L. sin 

9-997 2956 




log DG 

4-390 9334 

24599-9 



log AG 

4-699 1379 

50019-3 

0-2 

37-3 


9-982 4636 


0-2 

51-9 


0-000 0494 




log DC 

4-969 2497 


01 

30-8 


9-421 6321 




log CG 

4-951 7627 

89487-6 



log DG 

4-390 9312 

24599-8 

0-3 

32-2 

L. sin 

9-921 4020 


0-2 

59-9 


0-266 0389 




logCF 

4-685 7492 


0-3 

27-9 

L. sin 

9-999 9742 




log EG 

4-873 1901 

■ 74677-6 



logCG 

4-951 7623 

89487-5 

01 

30-7 

L. sin 

9-423 4732 


01 

49-8 

L. cosec 

0-149 1511 




log FE 

4-784 1030 


01 

39-5 

L. sin 

9-939 9353 




log EG 

4-356 7273 

22736-7 



log FG 

4-873 1894 

74677-4 


124 00 34-5 
16 43 170 


IS. 119 26 


Semi-Graphic Intersection by Co-ordinate Method. —^When the co-ordinates 
of the stations in a triangulation have been calculated, the position of an 
intersected point can, under certain conditions, be determined in a way which 
is rather simpler and shorter than that previously described. The method 
however, must not be used with rectangular spheroidal co-ordinates if the 
distances of the stations east or west of the Origin are great, since the Cassini 
projection is not orthomorphic. It may be applied within the limits which are 
applicable to the use of plane rectangular co-ordinates, but may he used under 
all conditions if the co-ordinates are calculated for an orthomorphic projection. 
A convenient orthomorphic projection to which Cassini co-ordinates may be 
converted is the Transverse Mercator, whose Northings are the same as Cassini 
Northings. Table IV gives the formulae for the conversion of Cassini to Trans¬ 
verse Mercator Eastings and vice versa, and also the values of Log 1/6 v* and 
1 /24 V*. In cases where the limits of use of plane co-ordinates are to be exceeded, 
r^ggini co-ordinates should first be converted to Transverse Mercator ; and the 
co-ordinates arrived at by semi-graphic methods on this projection can then 
be re-converted to Cassini for record purposes. The purpose of the method is 
to provide a large-scale diagram of the observed rays in the immediate vicinity 
of the unfixed point; thereby its position may be accurately interpolated on 
the picture. 

The approximate co-ordinates of the point must first be found either from 
one of the triangles connecting it or from a large-scale plot if such is available. 
A rectangular grid on some convenient scale, say, J in. to 1 ft., is plotted on 
squared paper, the vertical and horizontal sides of the grid being regarded as 
parallel to the y and x axes of the system respectively. Co-ordinates are 
assigned to the sides which will ensure that the unfixed point is located within 
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the grid. For instance, if the approximate co-ordinates of a station were 
= -4560 ft. 
y = +2100 „ 

a suitable grid would be one enclosing an area 10 ft. by 10 ft. (6 ins. x 5 ins. 
on the paper) with the vertical sides having co-ordinates of * = — 4545 and * = 
—4666 respectively, and the horizontal sides y = +2105 and y = +2095 
respectively!. The problem is then to find the points at which the observed 
rays cut the sides of the grid so that they may be drawn on the diagram. It 
is sufficient to calculate the position of the point on the nearer side of the grid 
at which each ray cuts it; the path of the ray across the grid can then be laid 
down by protraction of the bearing. Example : 

A, B, C are three main stations in a triangulation, and X an intersected point 
of which the co-ordinates are required (Fig. 64). 


A 


The rectangular co-ordinates of A, B and C are : 

A : x= -36132-4 ft., y = +3661-0 ft. 

B : X = - 1962-9 „ y = +8856-9 

C : * = + 6610-7 „ y = -4594-5 „ 

The approximate lengths in miles of the sides AX, BX and CX are shown in 
the figure. " Co-ordinate ” bearings connecting the main stations are as follows : 
A - B = 081° 21' 19' 

B - C == 147° 29' 08' 

C - B = 327° 29' 08' 

The approximate co-ordinates of X are x = +1427 ft., y = +8,166 ft. 
Co-ordinates are, therefore, selected for the grid sides as follows : 

E. side, a; = +1433 ; N. side, y = +8162. 

W. „ * = +1423 : S. „ y = +8152. 


The further computation is as follows : 


Observing Station. 

A 

B 

C 

Observed angle 

AB 081 21 19 

BAX 1 48 51 

BC 147 29 08 
CBX 45 49 48 

CB 327 29 08 
BCX 10 23 29 

Sum or Diff. = Bearing 

AX 083 10 10 

BX 101 39 20 

CX 337 52 37 

Observing Station ; x ory* 

E N 

^or-side : xory 

X -36132-4 

X, + 1423-0 

X -1962-9 

X, -1-1423-0 

y - 4594-5 
y. + 8152-0 

logdxorjy . 

Bg ; L. cot or tan* 

Jx 37555-4 

4-574 6724 
cot 9-078 3977 

Ax 3385-9 

3-529 6741 
cot 9-314 4597(-) 

Ay 12746-5 
4-105 3910 
tan 9-609 0891{-) 

Sum 

Antilog 

Observing Station ; y or x 

3-653 0701 
-t- 4498-5 

y + 3661-0 

2-844 1338 
- 698-4 

y -f- 8855-9 

3-714 4801 
- 5181-8 

X + 6610-7 

1 ntersection on grid, x or y 

y + 8159-5 

y -1- 8157-5 

X -4- 1428-9 


* Use X and L. cot when bearing is between 045° and 135°, or 225° and 315° 

Use y and L. tan „ „ 135° „ 225°, „ 315° „ 045° 


tNote.—If preferred simple x and y axes drawn through the approximate 
position can be used instead of a containing rectangle. 
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This computation provides sufficient data tor drawing the 4rge scale figure, 
since the ray from A cuts the nearer (W.) side of the grid at the point y = + 
8159 -5 on a bearing of 083° 10', that from B cuts the W. side at y = +8157 -5 
on a bearing of 101° 39' and that from C cuts the S. side at;»; = +1428-9 on a 
bearing of 337° 53' as shown on Fig. 55. 



The position of X is determined by the rule that the lengths of the perpen¬ 
diculars from X to each of the rays should be proportional to the lengths of 
these rays, i.e., Xa : X6 : Xc = 6-21 : 0-57 : 2-25. The position of the point 
can usually be interpolated with sufficient accuracy by eye; alternatively a 
mathematical solution can be found without much difficulty. 

From the diagram, the co-ordinates of X are : 

= +1425-7 ft. 
y = +8157-2 „ 

When there are more than three rays to the intersected station, it will not 
generally be possible to find a position from which the perpendiculars are all 
proportional to the lengths of the rays ; the position selected should be that 
which most nearly fulfils this relation. 
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Resection 


“ Resection ” describes the fixing of positions from which angles have been 
observed to points of known position in the survey. This procedure may be 
necessary when the known points are inaccessible or when a new point has to 
be accurately established after the completion of the main triangulation. 
Examples : 


1. Fixing a point by angles taken from it to two known points, with the help of 



■ir, A and B are two points, of which the latitude, longitude, azimuth (or true 
J bearing) AB and reverse azimuth BA are known. S is the observer’s position 
^ which it is required to fix. 

The angle ASB is observed, and the azimuth SA or SB. Approximate 
values for the latitude and longitude of S must first be found; this can be 
done with sufficient accuracy from a plotting sheet. 

The reverse azimuths AS and BS can be computed, for Azimuth AS = 180° 
+ Azimuth SA + Aa, and Aa = Aw sin sec J A^. 

Where 

Aa = convergency in seconds between the meridians at A and S. 

A(o = difference of longitude between A and S. 

<f>m = mean latitude of A and S. 

\<f> = difference of latitude between A and S. 

Assuming that azimuths are measured from 0° to 360° clockwise from north, 
the sign of A a can be found from the rule : 


positive 

negative 

negative 

positive 


0° and 180° 


In N. Latitude, A a is 


, . , . o anu loo 

When a IS between ^ 


180° and 360°' 
0° and 180° 


In S. Latitude, A a is —— when a is between 


180° and 360°' 


The triangle ABS can now be solved since the side AB is known and the angles 
SAB and SBA can be deduced from the azimuths AB and AS, BA and BS. 

2. Fixing the position of two points by angles taken from them to two previously 
fixed points. 

In Fig. 57, A and B are two known points in a triangulation. It is required 
to fix C and D, from which angles have been observed to A and B. The angles 
2, 3, 4 and 5 are measured, 1 and 6 can therefore be deduced, x and y are the 
■unknown angles. 

I This problem is the same as that of the “ Inaccessible Base,” a numerical 
Example of which is given in Chapter II, pp. 23^. 

I The necessary formulae are : 


+ y = 3 +4 


■( 1 ) 

( 2 ) 
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From (1) and (2) x and y are found, and the triangles can then be solved. 

3. Fixing the position of a point by angles taken from it to three previously 
fixed points. 

In this, there are three cases, as shown in Fig. 68. 

A, B and C are three fixed points in the triangulation, and S is the observer’s 
position which it is required to fix. The angles a and p are observed. The 
problem is the same as that which is solved mechanically, but less accmately, 
by the station pointer, and, as with that instrument, the problem is insoluble 


C 




if S lies on the circumference of the circle through A, B and C. This will 
occur when angles ACB and ASB sum to 180°. 

If the angles CAS and CBS be denoted by x and y, and the angle ACB by 


C ; then, in cases (1) and (2), 

X +y = 360° - (a + p + C).(1) 

and, in case (3) 

X + y = C - (a + p) ..(1) 


From the figure : 


and sin y 


CS sin p 


a sin a 
b sin p 
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Now, tan — 45°) 


tan 4 — tan 45° 

1 + tan 4 tan 45° 
tan 4 — 1 
tan 4 + 1 
sin X _ j 
sin>> 


sin X 
sin^* 


+ 1 


sin — sin ^ 

sin it + sin ^ 

X -I- y 

2 cos — 2 "^ sin 



X -y 
2 





Therefore, tan — ^ = tan tan (4 — 45°) .( 2 ) 

From ( 1 ) and (2) angles x andy can be found, and the figure solved. If there 
is uncertainty as to whether ac or y is the larger angle, compute the terms 
sin a j sin B sin a . , sin fl 

~a~ ’ ** ~~b~~ ** g^®^ter than-, x must be the larger angle and 

Vice versa. 


Example: 

Data :—^log a 
log b 
Angle C 
Ob^. angle a 


4-543 4645 
4-424 3334 
124° 47' 03' 
7° 38' 00' 
74° 13' 15' 


|- From triangulation. 


Computation : 

Log b 4-424 3334 

L. sin p 9-983 3181 
Log (b sin p) 4-407 6515 
Log (a sin a) 3-666 7706 
L. tan 4 10-740 8809 

4 79° 42' 26' 

Angle C 124° 47' 03' 

a -f p 81° 51' 15' 

X + y 42° 55' 48' 


Log a 
L. sin a 
Log (a sin a) 

4 - 45° 


X +y 
2 

y - X 
2 


4-543 4645 
9-123 3061 
3-666 7706 

34° 42' 26' 

21° 27' 54' 
15° 14' 04' 


L. tan 9-840 4946 


L. tan 9-594 6190 
L. tan 9-435 1136 


36° 41' 58" 
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The angles ACS and BCS can now be deduced from the triangles ACS and 
BCS, and the unknown sides AS, BS and CS found from these triangles by the 

The computation gives no check on the accuracy of the observed angles, 
and this method of fixing positions is greatly strengthened if an azimuth is 
observed from S to one of the known points ; alternatively, if angles have been 
observed to four previously fixed points the necessary check can be obtained 
by recomputing, using a different combination of points (e.g., first compute 
resection using points A, B and C, and check by computing resection using 
points B, C and D). 

3(a). Resection by “ Collins Point ” Method. —As an alternative to that given 
in paragraph 3, the “ Collins Point ” method may be used for calculating the 
resection ; it is, perhaps, easier to understand and compute when the rectangular 
co-ordinates of the trigonometrial points have been calculated. Also, if the 
angle to a fourth point has been measured, it is a simple matter to check the 
other angles and the computation by comparison with this observation. The 
method should not be used with rectangular spheroidal (Cassini) co-ordinates if 
the distances east or west of the Point of Origin are great, but should be confined 
to cases where plane rectangular co-ordinates may be safely employed, or to 
rectangular co-ordinates calculated for orthomorphic projections, such as the 
Transverse Mercator. 

An auxiliary point is introduced and the co-ordinates of this must first be 
computed. The geometric construction, by which this point is located, must 
be considered in the two general cases : 

(i) When the point to be fixed lies inside the triangle formed by the three 

trigonometrical points to which angles have been observed. 

(ii) When the point lies outside the triangle so formed. 



B 


C 


P 


Fig. 59 


Case (i). See Fig. 59 (1). 

P is a point whose position is required and A, B and C three points whose 
positions are known. The angles APB and APC (a and p), have been observed. 
Join AB, AC, BC, AP, BP and CP. , . 

From C draw a straight line Cl, making with CB an angle equal to 180 — a, 
and meeting AP produced in I. Join BI. 

Then, angle BCI = angle BPI = 180° — a. • ^ j t 

Since angles BCI and BPI lie on the same chord BI, the points B, P, C and I 
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Case (ii). See Fig. 59 (2). 

The construction and proof are the same as for case (i), but the angle laid 
off at C should be equal to «, and not 180° — a, and the angle at B will be equal 
to p. 

In both cases P and I lie on opposite sides of BC. If P lies on the circum¬ 
ference of a circle passing through A, B and C, the problem is insoluble as the 
position of I would coincide with A. ’ 

CemptUatioH .—The computation is the same in either case, and is as follows : 

(1) The co-ordinates of B and C being known, the length and bearing of BC 

can be calculated. 

(2) In the triangle BCI, the side BC and the angles B and C are known ; 

this triangle can therefore be solved and the co-ordinates of I found. 

(3) The co-ordinates of A and I being known, the bearing I—A can be found, 

and by construction this is the same as the bearing I—P. 

(4) In the triangle CPI, angle I can be found from the difference of the 

bearings I—P and I—C, angle P = 180° — p (case (i)) or p (case (ii)), 
and the side Cl has been found in (2). This triangle can therefore be 
solved and the co-ordinates of P calculated. 

(6) A check on the computations can be made by finding from the co¬ 
ordinates the bearings P—A and P—B and comparing their difference 
with the observed angle a. 

(6) The working affords no check on the accuracy of the observed angles, 
but if a fourth point has been observed, a check may be provided by a 
comparison of the observed angle with that obtained by the differences 
of barings derived from the co-ordinates. 

A fairly accurate diagram should always be drawn to guard against gross 
errors. 

Example: 



In Fig. 60, P is a point which it is required to fix, and angles have been 
(observed to the four trigonometrical points. A, B, C and D, qf which the 
rectangular co-ordinates are known. I is the “ auxiliary ” point. 
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Resection-—Collins Point Method 


Data. 
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4. Resection by Semi-graphic Methods .—When angles to more than three 
trigonometrical points of known position have been observed from a jjoint 
which it is required to fix, a semi-graphic method of resection is sometimes 
found useful. In this method the approximate rectangular co-ordinates of the 
point must first be found by calculation or from a plot, and a bearing from it to 
one of the known points must be assumed. By applying the observed angles, 
assumed, or “ false,” bearings are obtained to each of the other points. In a 
similar manner to that used in semi-graphic intersection (q.v., pp. 110-12), a 
rectangular ^d is drawn on a suitable scale and co-ordinates are assigned to its 
sides in anticipation that they will enclose the true position of the imfixed 
point. The points, at which the reverse false bearings cut the sides of the grid, 
are calculated as in the intersection problem, and a large scale picture of the 
rays in the vicinity of the unfixed point is provided. Two difficulties, which may 
be found with this method, are ; 

(1) Unless the approximate position of the point and the assumed bearings 

are fairly accurate, say, within 5 ft. and 1' of arc respectively, the 
picture formed by the rays will be unduly large—this is not evidence 
of inaccurate observation—and they will not cut the sides of the grid 
within the rectangle. Under these circumstances, it will probably be 
necessary to carry out a recomputation, using more accurate assump¬ 
tions for position and bearing. 

(2) The selection of the most probable position for the unknown point is 

not such a simple matter as in the intersection problem, for the " rays " 
in this case are not fixed, and the position must be interpolated after 
" swinging ” each ray in the same direction, clockwise or anti-clock- 
wise, through equal angles until the figure formed is as small as possible. 


Shooting up Marks from the Ship and Boats 

The marks in a survey either form part of the triangulation or are fixed by 
one or more of the normal methods already described ; but it is often necessary 
to resort to less regular means to fix sounding marks and other minor points. 
In the case of main and secondary stations, the degree of accuracy in fixing 
is usually far in excess of that actually required to plot them correctly on the 
scale in use, but in the case of the minor points the only essential criterion is 
that the observations must be capable of defining their positions without 
plottable error. The configuration of the coastline and the character of the 
land features often obstruct direct observations from the main and secondary 
stations to the sounding marks, and in such cases the expedient of shooting 
them up from the ship or boats can be usefully employed. A short distance 
off shore it may be possible to obtain good fixes by resection from the main and 
secondary stations and to observe angles from these resected positions to the 
sounding marks. 

Example : 

In Fig. 61, A, B, C and D are four main stations of the triangulation. For 
fixing the coastline and inshore soundings, the marks a, b and c are erected, 
but, owing to the shape of the coastline and the high trees along it, they 
cannot be seen from any of the main stations. A short distance out from the 
coast, however, the four main stations are visible and a boat therefore anchors 
, successively in the positions marked 1, 2, 3, etc. Each position is fixed by 
observing sextant angles to A, B, C and D and angles are measured to all 
visible sounding marks. The positions of 1, 2, 3, etc., are selected having regard 
to : 

(1) The necessity of having a good fix by resection from the main stations. 

(2) The necessity of obtaining enough observations to make well-conditioned 

“ cuts ” at a, b and c. 

The points, 1, 2, 3, etc., are plotted by station pointer on the plotting sheet 








and the shots to the sounding marks are protracted in the usual manner. The 
three or more observations to each mark should, of course, meet in a point 
and thereby prove the accuracy of the observations and plotting. 



When the ship, instead of a boat, can be used for shooting up marks, time 
is often saved as a sufficient number of observers can be stationed on the 
bridge to obtain all the required angles at each point simultaneously, and this 
can be done under way. It will, nevertheless, be found advisable to stop the 
ship, or at least reduce to slow speed for each set of observations. 

As all the observations are, of necessity, made by sextant, any errors in the 
observed angles due to the objects observed being at different heights must be 
allowed for. Vide Chapter XVII, Page 395, and Table XIX. 

Triangulation Data 

The principal record of a hydrographic survey is the Fair Chart {vide Chap¬ 
ter XVIII), but comprehensive details of the triangulation must also be furnished 
in order that the accuracy of the survey may be appraised and so that in after 
years surveyors may be able to use the original triangulation data as a basis for 
new work, thereby providing a rigid connection between the old and the new 
and eliminating waste of time in the repetition of previous measurements and 
observations. 

The following information should be embodied in returns of Triangulation 
Data : 
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(1) Diagram of the Triangulation : drawn on tracing cloth on any convenient 

scale. The rough coastline should be indicated and the positions and 
letters of all main and secondary stations with all observed rays should 
be shown. By the use of different colours, the grouping of the various 
figures in the process of adjustment should be made clear. (See Fig. 31.) 

(2) Rectangular Co-ordinates : of all main and secondary stations. 

(3) Description of Triangulation indicating methods employed in the 

measurements of bases and angles and the extent to which data from 
. previous surveys has been employed. The figure of the earth used in 
the computations must be stated. 

(4) Observed and Adjusted Angles : with a list of the various figures in the 

order of their adjustment. 

(6) Lengths of all Sides. 

(6) Base Measurements: full details with methods employed and corrections 

applied, together with a diagram and details of the base extension 
triangulation. 

(7) Geographical Co-ordinates : of all recoverable stations. 

(8) Probable Errors : of base measurements, angular measurements and 

astronomical observations. 

(9) Descriptions of Stations : full details being given to assist recovery in the 

future (vide Chapter V). 
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CHAPTER V 
SURVEYING MARKS 


Selection of Stations 

The general principles, on which the positions of the trigonometrical stations 
should be selected, have been discussed in the previous pages. The actual site 
of a station must be decided after consideration of the following points : 

(1) The position should preferably have an all-round view as it may subse¬ 

quently be wanted for extending the triangulation in other directions, 
and it must be visible from other trigonometrical stations with which 
it is to be connected by angular measurements; it should also see as 
many sounding marks as possible. 

(2) It must be possible to erect a theodolite at, or in close proximity to, the 

station in such a way that angles can be observed in reasonable comfort 
with the instrument firmly set up. 

(3) The station should be sited to afford the best obtainable background 

from the point of view of the observers at other marks. A background 
of sky is probably the ideal, but when this cannot be arranged, the 
station should be as much in the open as possible so that it is well 
illuminated by the sun. 

(4) It should usually be possible to mark the position in a permanent manner 
> and stations should preferably be placed where their mark-stones are 

unlikely to be disturbed ; if solid rock is available, this is perhaps the 
most satisfactory position. 

(5) The labour involved in clearing the site should be the minimum com¬ 

patible with the foregoing requirements. 

(6) Church spires, lighthouses, chimneys, beacons and other marks of an 

artificial nature may often be used as trigometrical stations in hydro- 
graphic surveys. The advantages of using these " ready-made ” marks 
are great, but the surveyor must guard against possible inaccuracies 
due to difficulty in measuring the exact distance from the theodolite 
to the centre of the mark or to want of perpendicularity in the marks 
themselves, etc. 


Marking and Description of Stations.—Station marks in hydrographic 
surveys usually consist of two parts : 

(i) A temporary mark consisting of a beacon or luminous signal. 

(ii) A permanent mark consisting of a buried mark, stone or tile, or, if the 

station is on solid rock or masonry, a cut surface mark. 


Beacons.—^The best type of beacon for most purposes is of the quadripod 
form, which is substantial, easy to erect and a symmetrical mark for inter¬ 
section. It can be constructed with four hop poles lashed together near their 
tops and the feet splayed apart so that the cross at the lashing is plumbed over 
the ground mark. The upper part of the beacon may be covered with calico, 
canvas or wooden slats, painted black or white to contrast with the nature of 
the background as seen by the observers at other stations. The lower edge of 
the “ solid ” portion of the mark should be not less than 6 feet from the ground. 
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so that the theodolite may be centred over the ground mark and observations 
taken without interference. The size of the beacon depends on the distance 
from which it is to be observed ; marks of this tj^ie with 18-ft. legs, can be inter¬ 
sected under good conditions from a distance of 20 miles. Rather a large 
quantity of material is required for a quadripod beacon and it is often necessary 
to use pole marks with flags. These are not so satisfactory as it is difficult to 
guy them rigidly enough to remain perfectly upright for any length of time; 
at long distances the pole cannot seen and there is often an element of 
imcertainty as to which way the flag is blowing out. Many errors in tiiangula- 
tion are due to eccentricity in the marks themselves ; those parts of the marks 
which are intersected from the distant stations are only too frequently out 
of the vertical from the true position of the station. Wire should be used in 
preference to rope for the guys and the importance of erecting the marks so 
that they are rigid and perpendicular cannot be over-emphasised. 

In thickly-wooded country high marks will often save a great deal of clearing 
and may, indeed, be essential if a regular triangulation is to be carried out. 
To observe angles from such marks, some form of tower is necessary. A large 
quantity of material is required and two or three days will probably be needed 
for assembly and erection. Towers of heights of 80 ft. and more have been 
successfully used on many occasions. Satisfactory observations can only be 
made from them in calm weather or very light winds. 

For short rays, e.g., those involved in the base extension triangulation, 
marks consisting of thin poles with small topmarks should be used. When 
distances of only a few hundred yards are involved, a large nail may make a 
good mark for intersection. 

Luminous Signals. —^These consist of heliostats by day and lamps at night- 
A 6-volt electric lamp with a small reflector can be seen at a distance of two 
or three miles and is often useful for night observations. For longer shots, 
an Aldis signalUng lamp may be used; it is powerful enough to be seen at 
distances of more than 20 miles. Luminous signals, provided they are not too 
large, are more satisfactory objects to intersect than any type of opaque day 
signal. 

Mark Stones and Surface Marks.—Whenever possible, the main stations of a 
triangulation should be marked in a permanent manner, so that the exact 
positions can be subsequently recovered. In this connection the word 

permanent ” must not be taken too literally, but the aim should be to provide 
some positive means of identification which will last for at least 20 years without 
attention. In hydrographic surveys it is sometimes necessary to site main 
stations on coral reefs, sandbanks and other similar positions which may 
be covered at high water. In such cases it may be a waste of time to attempt 
to provide a permanent mark at a station, but the surveyor should not on that 
account omit to mark it in such a manner that its position can be re-identified 
at any time during the actual progress of the survey, if the necessity arises. 
Stations may be permanently marked by one of the following means : 

(i) Buried Mark-stones or Tiles.—These can be easily constructed on board 
and may be in the form of a concrete block about 9 ins. square and 
3 to 4 ins. thick with a brass disc embedded in its centre. The disc 
should be marked, as shown in Fig. 62, with the ship’s name, a reference 
number and a date. The dot in the centre of the triangle indicates 
the exact position of the trigonometrical station. 

Mark stones should be buried at a depth of at least a foot. In many 
land surveys a surface mark stone is used in addition to the buried 
one over which it is plumbed. The surface mark in these cases may be 
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assumed to indicate the exact position of the station if it shows no 
sign of having been disturbed. 



Fig. 62 


When a tripod or quadripod type of beacon is used, it should be 
erected first and the buried and surface mark stones then plumbed 
below its centre. When a pole mark is used, the buried mark stone 
should be placed in position before the pole is erected. 

(ii) Concrete Pillars.—These can be made on board and should be about 

2 ft. long and 9 ins. square. They should be let into the earth to a depth 
of a foot or more. As they are liaWe to disturbance, it is advisable to 
bury a mark below them. 

(iii) Iron Bolt Staves.—These are not very satisfactory as, besides the 

likelihood of interference, they cannot be easily inscribed in a distinctive 
manner. On coral reefs and similar places, however, they may be the 
only form of permanent mark which can be used. 

(iv) Surface Marks. — When the station is on solid rock or on a permanent 

building, it should be marked by a triangle cut on the surface of the 
rock or material of the building with, if possible, the addition of the 
ship’s name and a reference number. When the surface is irregular, a 
brass disc or a piece of piping set in concrete should be cemented to the 
rock. 

Descriptions of Stations.—Much excellent work has been impaired by the 
failure of surveyors to mark their triangulation stations in a permanent manner 
and to provide adequate “ descriptions ” by which the positions can be subse¬ 
quently recovered. The recording of angles and measurements, by which the 
spot can be re-identified should be the first consideration when the site of a 
station has been selected, for it frequently happens that meddlesome persons 
tamper with or remove marks even during the actual progress of a survey. 
In such cases much time is wasted in re-establishing the station if no measure¬ 
ments for that purpose have been made. The provision of an adequate 
' ‘ description ” often calls for the exercise of considerable ingenuity on the 
part of the surveyor. His aim should be to furnish a sufficient number of 
bearings and measurements to stable points in the immediate neighbourhood 
to enable the position to be recovered equally well (as far as can then be 
foreseen) from any one of several different combinations of measurements. 
Angles should also be observed to more distant objects which are prominent 
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i and well defined, as these will often enable the position to be recovered with 
j| sufficient accuracy for the mark stone to be found by digging over a small 

' I area. Recovery of stations is greatly assisted if a few reference marks can be 

1., established in its immediate vicinity. These marks may take the form of drill 
holes in rock, arrows cut on trees, posts, etc. Sometimes a sketch, showing the 
I relative positions of some prominent features of the landscape as seen from 
! the station, is a useful addition to the “ description.” When objects such as 
i flagstaffs are used as trigonometrical stations, it is generally unsafe to regard 
I ' them as “ permanent,” and therefore needing no " description ” ; they are 
I certain to be renewed from time to time, and it is quite possible that they will 
j not be re-erected in the same position. Whenever possible, therefore, measure- 

! ments as well as a written description should be given. 

. Examples of Descriptions of Stations : 

(1) On Tagrin Point, 10 yards from H.W.L. on flat grassy ground with 
sandy soil. The station is marked by a concrete block (11 ins. by 11 ins.) 
buried 1 ft. below the surface : a brass disc in the centre is engraved 

i. " H.M.S. -, 4/1936.” Reference marks A are cut on the drying 

I rocks about 5 yards from their inshore limit—see diagram. The 

1^ station is 2 ft. above M.H.W.S. (Fig. 63.) 


N 



(2) On the top of Belham Church Tower. The station is marked by a tr iang le 
A cut in the lead roof. Measurements are shown in the diagrram. 
(Fig. 64.) 

I Marks for Fixing the Detail of the Suratey 

I 1. Use of Conspicuous Natural Marks.^—^The main stations of the triangu- 
1 Ution form a framework for the survey, but a number of additional marks are 
jl usually needed to enable the detail to be fixed by angles and distances measured 
^ to or from them. Many of these additional marks may have to be in the form 
of temporary beacons erected by the surveyor, but it often happens that the 
area contains a number of objects which may be used as " natural ” marks, 
’ thereby enabling him to dispense with artificial ones to a considerable extent. 


A 
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or even entirely. The surveyor should be on the look-out to make the fullest 
possible use of such natural marks as, by so doing, there is not only a great 
saving of time, labour and material, but there is also a reasonable certamty 
that they will not be removed or tampered with during the progress of the 


N 



Fig. 64 


survey. Natural marks may include peaks, clumps of tr^s, single tr^s isolated 
or conspicuous patches of rock, buildings of any description ^d, 
objects that are well defined and easily recognisable from the different directions 
in which it may be necessary to see them. 

The suitabiUty of natural marks for the purpose m view must be carefully 
considered with regard to the scale of the survey For mstance on small 
scales e e 1/50,000, a clump of trees 100 yards m diameter or a whole house 
could’be r^arded as sufficiently well-defined points for the clump would ^ 
represented on the chart by a circle less than 1/lOth of an mch in ^aineter 
and its centre could be estimated with sufficient accuracy by eye whilst even 
a large house would appear as little more than a dot. On large scales, however, 
such^objects wopld be unsuitable; it would be necessary to select ^me 
particular tree in the clump as the mark, or some special pomt, e.g., one ot the 
eaves, on the house. . 

In general, natural marks are not satisfactory for use as warn stations 
there are usually difficulties in observing angles at them and they are unlikely 
to be sufficiently well defined for accurate mtersection Exceptions are s^- 
metrical objects such as lighthouses, church spir^ and chimneys which, ^s^es 
being well defined and symmetncal, are usually conspcuous. Tree stumps 
have^ often been used as main stations, but this practice ^ould be avoided, 
at all events in the Tropics, where they are soon destroyed by white ants. 

2, Surveying Marks on Shore.—Artificial marks in a survey may take a 
variety of forms, depending on the precise purposes for which they are required 
and the material available for their construction. Such marks may be divided 
into the following categories : 

(a) Towers.—These are essential when the observations at a station have 
to be made at a considerable height above the level of the ^ound. They should 
consist of two independent but concentric structures, the mner supporting 
the theodolite and the outer one carrying a platform to support the obse^er. 
Any scaffolding material will sufiice for a small tower, but high ones, e.g., 40 ft. 
or more require a great quantity of wood or steel and all the parts must be 
specially made and fitted for the purpose. Both mner and outer towers must 
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be strongly (and independently) guyed if they are to withstand anything more 
than a light breeze. For these reasons and on the score of expense, the con¬ 
struction of high towers can only be justified in exceptional cases, e.g., in flat 
densely-wooded country where the same results cannot be achieved so 
economically by the ordinary method of clearing the forest or by other means. 



(6) Quadripods and Tripods.—These are easily constructed and offer an 
admirable target for a distant observer. The quadripod is preferable, it is 
firmer than the tripod, and its S5mimetrical appearance from all Erections is also 
an advantage. 

The quadripod (Fig. 65) may be built of four small tree-trunks, abom m it. 
long, or of hop-poles if the former are not available. A floor and side pieces of. 
saplings and light branches can be lashed on and the inside is then filled with 
J brushwood : alternatively, the upper part may be covered with canvas, calico, 
or wooden slats painted black or white as may be necessary to make the mark 
^stinctive against its background. If the heels of the spars can be buried a 
foot or two in the ground, guys will probably be unnecessary except in very 
exposed positions. 

(c) Pole Marks. —In various forms these are largely used in hydrographic 
1 surveys. They may consist of barlings or bamboos (or a combination of these) 
for high marks carrying large flags, or of hop-poles or boathook staves carrying 
I smaller flags which will suffice when the marks need only be seen up to distances 
of three or four miles. Pole marks require less material than quadripods or 
t tripods and are more quickly erected, but they must be strongly guyed. It is 
difficult to ensure that high marks of this type are perfectly upright and rope 
piys stretch so much that they will not long remain so. For this reason it is 
better to use wire guys at main stations. 

With the resources normally available, pole marks up to a maximum of 
70 or 80 feet in height may be erected without much difficulty. Fig. 66 shows 
a mark of this type and the following notes on the material required and the 
method of erection may be of use: 
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1 




be as follows: , , 

One barling and two bamboos, each doubling 10 ft. 

Four lowermast guys ; i-in. or |-in. F.S. Wire tailed, each 10 fms. 

Four topmast guys ; li-in. rope, each 12 fms. , , _ , 

Four top-gallant mast guys ; 4-yam spun yarn, each 15 fms. 

Two 5-in. tail blocks. . , u ■ 

Gantline ; 10 fms. of 4-in. rope, and boatswam s chair. 

Mast rope ; 25 fms. of 2-in. rope. 

Heel rope ; 10 fms. of 4-in. rope x- ,• » 

Two large balls of spun yarn for lashings and smiting line. 

Maul. 

Flag ; 16. ft. by 10 ft. 

Five iron stakes (9, if ground is soft). 

The stakes for the guys and heel should be driven in first; a prismatic com- 
pal is usSullor the former correctly. The tail blocks havmg W 

bent on to the lowermast head, the gantline and naast rope are rove and 
the heel is loosely lashed to the centre stake. The lowermast “ay then be 
hoisted and securely guyed in position. The topmast and top-gallant mast 
are then lashed together on the ground and the eight guys cut to J^ecessajj 
lengths and bent on. The flag should be furled and a smiting Ime fitted so that 















129 


Chap. V 


it can be broken out after hoisting. The heel of the topmast is then temporarily 
lashed (loosely) to the heel of the lowermast, and the mast rope bent on and 
secured along the topmast by stops at intervals nearly to its head. The topmast 
and top-gallant mast can now be raised together to an upright position by 
hauling on the mast rope, the eight guys being tended to steady it. A man sent 
up in the boatswain’s chair should then pass a loose strop round the head of 
the lowermast and the adjacent portion of the topmast; the latter can then 
be hoisted, the guys and heel rope being tended and eased off as it goes up and 
the strops cut as they come level with the tail block. When high enough, the 
topmast is secured to the lowermast, the guys are belayed and the flag broken 
out. 


{d) Cairns.—Where there are boulders and stones, cairns form very satis¬ 
factory marks and are easily constructed. If possible, the foot of a pole mark 
should be surrounded by a cairn which will help to support it and make it easier 
to distinguish. Except perhaps when there is a sky background, cairns should 
be whitewashed. 


{e) Whitewash.—Whitewash is invaluable to the surveyor. Its components, 
lime, whiting and sea water, are cheap and always obtainable and it may be 
used on cairns, tree trunks, angles of houses, canvas, etc. Whitewashed marks 
show well under most conditions. A further advantage in the use of whitewash 
is that it cannot disappear by being blown over nor can it be removed by 
I meddlesome persons. 

3. Marks on Drying Sandbanks.^—The seaward extension of triangulation 
over large shallow estuaries is often a matter of some difficulty, but sometimes 
may be facilitated by the erection of marks on drying banks of sand or mud. 
As the time available for putting them up is limited, a pole mark, such as a 
bamboo, is usually the most feasible. The Wl of the mark should have a heavy 
sinker attached and four wire guys to 1-cwt. anchors, buried in the sand or mud, 
should be fitted. If tidal streams are strong, such marks cannot be expected to 
last more than a few days; it is impossible to prevent a deep scour forming round 
the heel and the mark will capsize before long, but it should by then have 
served its purpose in enabling the triangulation to be carried farther seaward 
or across the estuary more accurately than would have been possible with 

^floating marks. 

4. Marks below Low Water.-—It is sometimes convenient to erect fixed marks 
in the sea. The most useful type is the tripod, formed of three hop-poles or 

•barlings. The former can be laid in depths up to 8 ft., the latter in depths up to 
15 ft. or so at low water. To erect a barling tripod, a motor boat or cutter should 
be used and the procedure is as follows : 

Select an even portion of the bottom with a depths of 10 to 15 ft. at low 
j water ; anchor the boat there about an hour before that time. The method of 
I rigging the tripod in the boat is shown in Fig. 67. 

■ If-cwt. sinkers are attached as heel weights and one leg is pushed out over 
each quarter and one over the bow. Stop the legs on each quarter and in the 
bow and lash the cross; a temporary stop will also be necessary to hold this 
down in the boat. 

At a given signal cut all the stops and at the same time haul away on the 
[ anchor chain and light aft the foremost leg. The heels of the two after legs 
fall to the bottom and are splayed apart by the beam of the boat. Continue 
to haul on the anchor chain and, when the heel of the foremost leg comes aft, 
drop it over the quarter or stem. A swifter should then be passed round and 
^•ecured to the legs at the water line to prevent them splaying any farther 
apart. Attach four wire guys to the cross and lay out four 1-cwt. anchors. 
A pole mark with heel weight and flag can then be lowered over the side under 
the cross and secured to it, and lashings should be passed at the water line 
from the pole to the legs to prevent capsizing. 
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5. Mark Boats. —A whaler, moored head and stem, with a bamboo carr^g 
a large flag lashed to the mast, forms a useful temporary mark for sounding. 

6. Floating Beacons. —^When floating marks of a more permanent nature than 
the above are required " beacons ” are used. Three types in common use are : 

(a) Egeria Beacon. 

{b) Ormonde Beacon. 

(c) Dan Buoy. 

Other types of beacon may be improvised with mm casks, fishermen’s 
pellets, etc. 

(a) Egeria Beacon. 

Figs. 68 and 69 show the details of the Egeria type beacon. It consists of 
two 40-gall, boom defence barrels clamped together between two pieces of 
wood which are pierced to take a 35-ft. beacon pole. Split pins prevent the 














Chap. V 131 

pole slipping up and down through the pieces of wood. A bamboo (about 
36 ft. long) canning a 16-ft. by 10-ft. flag is lashed to the upper part of the pole 
and the foot of the pole is pierced so that a large D-shackle can be fitted to take 



f'oy; I6'xi0' 


Bamboo 



heel weights aggregating to 3 cwt. This type of beacon is usually anchored 

I with a 4-cwt. anchor and, up to depths of 20 fathoms or so, f-in. chain. In 
deeper waiter, IJ-in. or 1-in. wire (being lighter) is used with a few fathoms of 
chain tailing at the anchor. The upper end of the mooring chain or wire is 
fttted with a long link in which a small Senhouse slip engages, the latter being 
( lhackled to a J-in. chain sling secured to the beacon spar above and below the 
drums. A lifting strop, with a large soft eye in each end, is secured below the 
drums (and sling), half-hitched above them and stopped up nearly to the head 
0( the beacon pole. 

The beacon is rigged in a horizontal position on deck and hoisted out by means 
of a whip on the fore derrick, which should be topped up sufiiciently for the 
heel weights to clear the deck when the beacon is hoisted close up in a vertical 
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position. The anchor is taken forward and slung outboard on a rope’s end and 
the mooring secured to the beacon when it has been lowered over the side; this 
can be done whilst the heel is still clear of the water. The beacon whip is fitted 
with a tripping hook or equivalent slipping arrangement. 




On arrival at the required position the beacon is lowered till the drums are 
just clear of the water. Then, with a little stem way on, the anchor is cut loose 
and the beacon is slipped. The flag should be broken out with a smiting line as 
the beacon draws clear of the ship. 

When mooring a beacon with two anchors, the second anchor is usually 
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rigged about midships, and is let go as the strain comes on when the beacon 
draws ahead. This ensures a taut moor. 

To weigh a beacon, plumb the derrick head over the side with the hook of 
the whip a few feet clear of the water and have a man ready at it in a boat¬ 
swain’s chair. Run a weighing rope from the capstan through the foremost 
fairlead and aft to a point abreast the derrick. Bring the ship up to the beacon 
head to wind or tide (whichever is the stronger) and hook the whip onto the 
lifting strop. See the man over the side clear and hoist the beacon till the 
inboard end of the moorings can be reached from the deck. Then shackle 
on the weighing rope below the eye of the mooring wire and knock off the 
slip. The beacon may then be hoisted in and lowered on deck, and the moorings 
weighed at leisure. Care must be taken to prevent too much strain being put 
on the derrick before the slip is knocked off. 



When two anchors are used, the weighing rope can frequently be shackled 
onto both moorings as the anchors usually drag together when they are hove in. 
If they will not do this, a second weighing rope should be rigged and the anchors 
weighed independently. 
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An alternative method of weighing (preferred by many) can be gathered 
from Fig. 70. The beacon is rigged with a weighing pendant, shackled to the 
upper end of the mooring wire, and with a large eye stopped to the top of the 
beacon pole. When weighing, the weighing rope (see above) is secured to the 
weighing pendant and the mooring hove into the hawse pipe before the derrick is 
hooked onto the beacon lifting strop and thus takes the strain of the moormgs 
before any can come on the derrick. 

In bad holding ground and when strong currents exist, it has sometimes 
been found necessary to back up the 4-cwt. anchors with l|-cwt. sinkers. 

(b) Ormonde Beacon. 

Fig. 70 shows the details of the Ormonde type beacon. This is made up of 
three 25-gall, oil drums and has less buoyancy than the Egeria type. The 
moorings and anchors of the two types are similar. 



This is a light type, consisting of a cylindrical drum with a hop-pole passing 
through it which is prevented from slipping by screw bolts at the top and bottom 
of the drum. A boat-hook stave carrying an 8-ft. by 4-ft. flag is lashed to the 
jxile, and a ^-cwt. sinker is used as a heel weight. The mooring wire can be 
shackled to a lug on the side of the drum, but is more usually rove through a 
shackle at one end of a short span on which are threaded three or more elliptical 
floats, as shown in Fig. 71. It is convenient to fit a slip in the moorings to 
ensure quick detachment from the buoy. A dan buoy is light enough to be laid 
and weighed from a boat, and a 1-cwt. anchor will usually hold it. 

Extra buoyancy to support the weight of the moorings in deep water, or in 
strong currents, can be given by the methods shown in Figs. 70 and 71. 
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Gallon's Sun Signal or Heliostat. —This instrument is supplied for use when it 
is necessary to take observations to marks which are very distant or which, 
owing to haze, bad background, etc., cannot be distinctly seen. With its aid 



Plate G 


the sun’s rays are reflected from a small mirror centred over one mark to an 
observer at another, and observations over distances of more than 40 miles 
can be made under good conditions. The flash from the mirror makes an 
admirable mark to intersect with the diaphragm webs of a telescope, and, 
whenever there is doubt as to the surveyor’s ability to see a distant mark clearly, 
it is strongly recommended that the heliostat should be used for daylight obser¬ 
vations. Many errors of theodolite observations are due to faulty intersection 
of marks or to want of perpendicularity in the marks themselves, and these 
should be eliminated by the use of the heliostat. 

The instrument is fitted on a light wooden tripod and its general form is 
seen in plate G. 

It consists primarily of a telescope A, which is mounted so that it can be 
moved in azimuth and elevation, and a plane mirror E, about 4 ins. by 2^ ins., 
which is attached to the telescojie barrel but can be turned in relation to the 
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telescope by means of the rack and pinion D. A tubular extension, attached 
rigidly to the telescope, carries a lens at its wider end and a small porcelain 
reflector at its narrower end. The telescope, mirror and extension tube can be 
rotated about the axis of the latter by means of the rack and pinion B. By 
this method of mounting, the reflected beam of the sun can be directed to any 
desired point other than in a direction exactly away from the sun. The tubular 
extension and its fittings are provided to assist the observer in directing the 
reflected beam in a line parallel to the axis of the telescope so that when the 
telescope is aligned on a mark the reflected beam can also be directed on to that 

The optical arrangement is diagrammatically shown in Fig. 72. 


3 



When the telescope has been aligned on a distant mark, the mirror E is 
adjusted in two dimensions by means of the racks and pinions B and D (thk 
does not affect the alignment of the telescope) until a small portion of the 
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reflected beam enters the extension tube and after reflection from Y emerges 
parallel to its direction on reflection from E. The object end of the telescope 
partly overlaps the extension tube and an image of the sun is seen in the field 
of view. By adjustment of the mirror this image can be made to cover the dis¬ 
tant mark and, if the instrument is in adjustment, the reflected beam will then 
be directed on to that mark. It is evident that the axis of the lens X should be 
parallel to that of the telescope and the reflector Y should be perpendicular to 
this axis. Two " open ” sights F and G are fitted on the extension tube to 
assist in bringing the reflected beam into an approximately correct alignment. 
A mov 9 ,ble shutter H on the extension tube allows the brightness of the sun’s 
image, as seen in the telescope, to be adjusted to suit the prevailing conditions. 

The reflected beam forms a cone with an angle of about ; the adjustment 
of the instrument must therefore be correct to within about for the distant 
station to see the flash. Owing to the apparent movement of the sim, it is 
necessary to make frequent small adjustments in the azimuth and elevation of 
the mirror so that the reflected beam can be kept continuously on the distant 
mark. The quantity of light transmitted by the mirror will depend on the angle 
between the sun and the distant mark and is, of course, greatest when this 
angle is smallest. When the angle is 90°, the effective area of the mirror is 
reduced by about one-quarter; when the angle is 140°, the effective area is 
reduced by nearly three-quarters and it is unlikely that under these conditions 
the flash would be seen very far. It is well to remember this when organising 
a programme involving heliostat work. 

In using the heliostat, care should be taken that when set up, the mirror is 
exactly over the station which is to be observed or, if this cannot be arranged, 
that it is on the direct line between the station and the distant mark. After 
alignment on the distant mark, the telescope is rigidly clamped by means of 
the clamps C and L. The preliminary adjustment of the mirror, which is effected 
by moving it until the shadow of the back sight F falls on the foresight G, is 
simplified by holding a sheet of white paper behind the foresight and noting 
where the shadow falls on it. It is then an easy matter to adjust the mirror so 
that the shadow is made to fall on the centre of the foresight. 

To Test the Adjustment of a Heliostat .—^When the image of the sun, seen in 
the field of the telescope, covers the distant mark the reflected beam should 
also be directed on the mark. It is advisable to check this alignment from time 
to time. To do this, set up a field board on edge at a distance of about 70 



yards and mark on it a black spot, as a target. If the telescope is then directed 
on the target and the sun’s image, as seen in the field of view, adjusted so that 
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its centre coincides with the spot, the reflected beam from the mirror should 
throw a circle of light (about 18 ins. in diameter) on the board and the centre 
of this should also be coincident with the spot. Strictly speaking, an allowance 
should be made for the distance between the centre of the mirror and the axis 
of the telescope, about 3 ins., but in practice this may be neglected. If there is 
coincidence, the instrument is in adjustment. If not, nothing can be done to 
remedy it in the field, but it is a simple matter to make an allowance for the 
error if it is not too large. Supposing, for instance, the s^t on the board is 
found to lie near the edge of the light circle “ at 7 o’clock,” as in Fig. 73. 



Fig. 74 


A diagram can then be drawn, as in Fig. 74, with a circle representing the 
sun’s image and the distant mark near its edge “ at 1.0 o’clock ” : this diagram 
should be pasted in the lid of the instrument box. Then if the instrument is 
adjusted in use so that the distant mark is seen near the edge of the sun s 
image at 1.0 o’clock, the mark will be in the centre of the reflected beam. 

Improvised Heliostat.—If no other is available, it is a fairly simple matter to 
improvise an effective form of heliostat by mounting a small mirror on the end 
of a metal or wooden arm which can be moved in azimuth and elevation A 
sighting vane is fitted at the opposite end of the arm and a small hole drilled m 
the centre of the mirror to serve as a back sight. The mounting of the muror 
must be such that it will enable it to be moved in two dimensions relatively to 
the arm. If the sights are now aligned on a distant station and the reflected 
beam brought on to the foresight and kept there by adjustment of the mirror, 
the beam should also be directed on the distant station. Heliostats of this type, 
however, are not so easy to ahgn accurately as the telescopic variety described. 
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CHAPTER VI 
TRAVERSES 

A traverse consists of a connected series of straight lines (on the earth’s 
surface) the lengths and bearings of which are measured. By these measure¬ 
ments the relative positions of various points and detail in the survey can 
be found. In some countries traverse takes the place of minor triangulation 
to sorne extent, and, although not so frequently used in this manner in hydro- 
graphic surveys, it may occasionally be employed for fixing trigonometrical 
points which cannot easily be connected by triangulation in the ordinary way, 
and it is often used for fixing subsidiary marks from which the detail of the 
survey can be plotted. Each straight section of a traverse is termed a " leg,” 
and the junctions of the legs are called “ turning points.” 

Traverse involves angular and linear measurements, and the principal 
methods, by which these are effected in hydrographic surveys, are as follows : 

Angular Measurements.—^These are needed to determine the bearing of each 
leg and may be made by ; 

(а) Theodolite, or level fitted with a horizontal circle. 

(б) Sextant. 

(c) Compass. 

(a) For accurate traverse work a theodolite must be used to measure the 
angles at each tiuming point. An azimuth of the first leg having been observed 
from the initial station, either astronomically or by reference to one of the 
other fixed points of the triangulation, the theodolite is set up over each turning 
point in succession and the angle between the forward and backward leg is 
measured. The azimuth of the second and succeeding legs can then be deduced 
from the turning point angles. As the legs may often be very short, it is impor¬ 
tant that the theodolite should be centred carefully over the ground mark at 
each turning pwint, and that the marks, which are being intersected, are as fine 
as the magnification of the telescope will allow. For instance, for legs up to 
200 ft. in length a nail is large enough ; at longer distances, up to 1,000 ft., a 
small wooden peg can be used. Angles should be measured at least once on each 
" face,” with further repetitions if a high standard of accuracy is necessary. 
In long traverses a check on the angular measurements may be provided by 
observing astronomical azimuths at intervals as the work proceeds. 

(b) The use of the sextant for the angular measurements should be confined 
to short traverses, such as those extending from one sounding mark to the next. 
In such traverses the only essential requirement in the measurements is that 
there should be no plottable error on the scale in use ; the positions of turning 
points, from which the detail is fixed, are plotted by the protraction of the 
observed bearing and length of each leg, and their rectangular co-ordinates 
are not usually required. 

(c) The compass ^ves the magnetic bearings in a direct form. Both forward 
and backward bearings of each leg should be observed, and a mean accepted. 
With careful observations very good results are obtainable from a compass 
traverse. 

Linear Measurements. — These are needed to determine the length of each leg 
and, when accurate results are required, must be corrected for slop)e. They 
may be made by : 
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{a) Steel tape, or rangefinder, giving direct results. 

(6) Tachymetry. 

(c) Subtense methods. 

[a) The steel tape affords the most accurate method which is normally 
available to the hydrographic surveyor. The measurements are carried out in 
a similar manner to that used in base measurement by this means, but, as a 
lower standard of accuracy can usually be accepted, less rigorous methods 
may be adopted and the length of the tape may be regarded as that calculated 
for the mean temperature during use. Traverse measureinent with steel 
tapes will not often be practicable or necessary in hydrographic surveys since 
the operation is slow and can only be undertaken when the ground is reasonably 
even. 

Portable range-finders may be employed in short traverses if no very high 
standard of accuracy is required, but their use is not recommended if other 
methods can be applied. 

(b) The linear measurements may be made by tach 3 nnetric methods. Most 
theodolites and levels are now fitted with telescopes in which two (or sometimes 
four) horizontal wires at equal distances from the axis are fixed in the diaphragm 
or, in the case of a glass diaphragm, are scribed oh the glass. These wires or 
lines are called “ stadia ” lines. A typical glass diaphragm, as seen through 
the eyepiece, has the appearance shown in Fig. 75. 



If a graduated staff is held vertically and its divisions intersected by the cross¬ 
wires of the telescope, its distance from the theodolite (or level) can be found 
from the difference of the readings of the upper and lower stadia lines. The 
angle subtended by these lines is constant at a point (on the axis of the tele¬ 
scope) which depends on the instrument employed. When the telescope is 
fitted with only an object glass and an eyepiece, this point is at a distance 
(/-fc) in front of the vertical axis of the instrument, where /= focal length 
of the telescope (at solar focus), and c=distance from the centre of the object 
glass to the vertical axis. 
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Fig. 76 


In Fig. 76, LiLj are the upper and lower stadia lines on the telescope dia¬ 
phragm at a distance x apart, A is the vertical axis of the instrument, O is the 
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object glass at a distance c from A, and SiS* are two positions of the graduated 
staff. Light falling on Li and will be brought to a focus at F, where OF (=/) 
is the focal length of the object glass, and, continuing, would cut Si at XiYj 
and Ss at XjYe. The distance of Si from A is Di+/+c, and the distance of 
Sj is Dj-f-/ +c. 

If the dimensions of x and / are so chosen that 

^*=J_ 

D, lOO’ 

The number of divisions, represented by the lengths XiYi and XjYj can be 
read off, and then :— 

At Si the distance of the staff from the vertical axis=100x XiYi+(/+c). 

At Sj, the distance of the staff from the vertical axis=100 xX8Ys+(/+c). 
The value of the correction (/+c) should be found by testing the instrument 
over known distances, such as 100, 200 and 300 ft. ^is a constant multiplier at 
all distances. 

In some instruments an anallatic lens is fitted between the object glass and 
the diaphragm, and no correction (/+c) is then required. The optical arrange¬ 
ment is shown in Fig. 77. 



LiL* are the upper and lower stadia lines on the diaphragm, A is the vertical 
axis, O is the object glass, P is the anallatic lens, and Si, Sj are two positions of 
the graduated staff. If two rays intercept distances XiYi and XjYj on the staff 
at Si and Sj respectively, in the absence of an object glass they would meet on 
the axis at A, but owing to the existence of that lens they are deflected and 
meet at F'. and, continuing their paths, fall on the anallatic lens P. If this 
lens is made with a focal length PF' (=/), they will emerge parallel and fall on 
the diaphragm at Li and L* where they may be examined in the eyepiece in 
the usual way. 

If the distance Di is 100 times the length XiYi and the upper and lower 
stadia lines on the diaphragm are arrEmged to cut the rays as shown, the distance 
of the staff from the axis of the instrument is equal to lOOxXiYi. Similarly, 
if the staff is at D|, its distance is lOOxXjYj. 

Tachymeter measurements in traverses should be linpited to distances of 
about 800 ft. as a maximum. At longer distances it is rarely possible to read 
the staff accurately unless the light is particularly good. Errors of 1/500 
should not be exceeded under good conditions. 

A typical example, showing the style of graduation of a levelling staff, is 
shown in Fig. 78. This Admiralty pattern staff is made in three sections and 
can be extended to a length of 15 ft. It is fitted with a circular bubble level 
and is intended for use in a vertical position only. 
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Correction of Tachymeter Measurements for Slope. 

Small differences of level, up to an equivalent of 3° of elevation or depression, 
may be neglected as the corrections required to reduce the measurements to 
their horizontal components are insignificant. When larger elevations or 
depressions are involved, a correction is required which wiU : 

(1) Reduce the measurement to its horizontal component. 

(2) Adjust the tachymeter reading to what it would be if the staff was held 

perpendicular to the line of sight. 

In Fig. 79, the observing instrument is at O and the staff is held vertically at S. 
OL is the horizontal through 0 so OLS is a right angle. OE is the line of sight, 
i.e., the collimation line of the telescope, and angle EOL (=c) is the angle of 
elevation. The distance OL is required. 



The distance OE is observed and the readings intersected on the staff are 
a and h, but it is clear that the readings required are a' and h' where («' E6') is 
drawn perpendicular to OE. Therefore a' — b'=(a — h) cos e. 

If k is the constant multiplier of the instrument, OE=yfe {a — h) cos «+(/+c). 
OL=OE cos e. 

=k (a—h) cos*e+(/+c) cos e. 

Or, if an anallatic lens is fitted, 

OL=A {a—b) cos H. 

(Note. —Corrections for slope are given in tabular form in Table X A.) 

(c) The linear measmrements may be made by the subtense method, which 
has been explained imder the heading “ Base Measurement,” in Chap. II (p. 17). 
Some theodolites are fitted with an eyepiece micrometer, which enables the 
small angles to be measured with rapidity and accuracy, and very good results 
can be obtained. 

For short traverses, such as are used for fixing small portions of the coastline 
and other topographical detail, a sextant and 10-ft. pole are frequently used. 



Fig. 80 


A convenient form of the 10-ft. pole can be constructed with two rectangular 
wooden frames, each about 18 ins. square and covered with canvas, fitted 
by means of sockets at the back to the ends of a light pole (Fig. 80). Pins 
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passed through the sockets and pole keep the frames fixed. The canvas on each 
frame is painted white, with a black stripe about 2 J ins. wide and perpendicular 
to the axis of the pole. The sockets and pins are so arranged that, when the 
frames are mounted, the distance between the centres of the black stripes is 
exactly 10 ft. (This is a convenient length for transport.) 

The pole is held at right angles to the line of sight and the angle subtended 
by the stripes is measured with a sextant by bringing them into coincidence. 
A table of distances, corresponding to the angle subtended by the length of 
the pole in use, is carried in the field for reference on the spot: vide Table XV. 

A sighting vane may be fitted to the centre of the pwle to enable it to be held 
at right angles to the line of sight, or. alternatively, the pole may be swayed 
backwards and forwards a few degrees in such a manner that it must at some 
point be at right angles to the line-of sight; the maximum angle subtended by 
the stripes is the angle required. 

The maximum distance, at which good results can be obtained by this method, 
when using a 10-ft. pole, is not more than 250 to 300 yds., and measurements 
should be limited accordingly. Under poor light conditions measurements 
should be shorter. Longer poles may be nsed but are a doubtful advantage 
unless the subtended angles are measured by more accurate means than is possible 
with a sextant. When long “ shots ” are unavoidable, it is better to measure 
a small distance on the ground at right angles to the line of sight and observe 
the subtended angle with a theodolite. 

Even with careful observations, errors of 1/100 must be anticipated when 
using a sextant and 10-ft. pole, and, in view of this low standard of accuracy, 
this method should be confined to very short traverses, such as those between 
adjacent sounding marks, and to cases where the nature of the ground precludes 
the use of fixed instruments. Tachymeter methods are always preferable on 
large scales. 

Traverse Measurement: Procedure, Computation and Adjustment. 

The type of traverse most commonly required in hydrographic surveys is the 
closed traverse, i.e., that which begins and ends at the same point, or which 
extends between two points whose positions have already been determined. 

Suppose it is required to fix some secondary points for the survey of a narrow 
strait which runs between A and B, Fig. 81, A ^d B are two intervisible 
stations which have already been fixed by triangulation ; the length and bearing 
of the side AB are therefore known. The procedure is as follows : 



(1) Select and mark intermediate points, such as c, d, e and f, in such positions 

that each is visible from adjacent marks on either side of it. 

(2) Set up the theodolite at A, and, using B as the reference object, observe 

the angle BAc and measmre Ac. 

(3) Proceed to c, and observe the angle Acd and measure cd. Similarly 

at d, e and f, and at B observe the angle ABf. 
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Computation and Adjustment. 

Traverses met with in hydrographic surveying are generally over such short 
distances that plane co-ordinates can be used. The work of computation is a 
summation of the terms s.sin a and s.cos a where s is the distarice traversed 
on each leg and a is the co-ordinate bearing of the leg. The work is much 
simplified by the use of a calculating machine. 

Errors of measurement which combine to result in a misclosure of the traverse 
are of two kinds, angular and linear. Those due to angular measurement may 
be either positive or negative and will not normally be cumulative, whereas 
linear errors, owing to the nature of the ground or lack of accuracy in a tape, 
are more likely to be so. 

The total error is, therefore, one of scale rather than angle and will be pro¬ 
portional to the traversed distance from the starting point. It should be noted 
that it is not proportional to the co-ordinate distance and that an attempt to 
adjust from this would correct for scale but not for the " swing ” of the traverse. 

The observed angles are therefore used in the adjustment and the co-ordinates 
of each station in the traverse are amended in the ratio of the distance measured. 
If required, the adjusted co-ordinate bearings of the legs may be deduced from 
the corrected values of the co-ordinates. 

An example of the adjustment of a traverse appears on the following page. 
If the angles are uniformly measured clockwise at each station, the bearings 
of the legs are more easily calculated ; merely adding the clockwise observed 
angles to the previous forward bearing and deducting 180°. 

From the final entry in columns 10 and II it is seen that the closing error of the 
X co-ordinate is 1-61 ft. or -4147 ft. per 1,000 ft. measured, and to the y co¬ 
ordinate is 7-26 ft., or 1.8633 ft. per 1,000 ft. measured. Multiplying -4147 
by 1-221, 2-037,.. .etc., from column 5gives the corrections to the x co-ordinates 
in column 12. Similarly multiplying 1-8633 by 1-221, 2-037, . . . etc., from 
column 6 gives the corrections to the y co-ordinates in column 13. 

Columns 14 and 15 show the final co-ordinate values. 

It often happens that the traverse crosses and re-crosses the line joining the 
two terminal points, as in Fig. 82. 



Fig. 82 


The procedure is exactly the same as in the previous case. The angles are 
measured clockwise uniformly at each station. As before the bearings of the 
legs are calculated by adding the clockwise observed angles to the previous 
forward bearings and deducting 180°. 

When a traverse is carried round a complete circuit and " closed ” on the 
•tarting point, it is clear that the co-ordinates of this point, as deduced through 
the traverse, should be zero. Any error in this respect is dealt with in precisely 
the same manner as in the numerical example already given. 

Open or hanging traverses, i.e. those which do not close on a previously 
ftxed point, are rarely used in hydrographic work. They can only be checked 
by astronomical observations for geographical position and azimuth, in which 
case the traverse may be adjusted by a similar process to that in the numerical 
example just given, differences of latitude and departure replacing differences 
of rectangular co-ordinates. 
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CHAPTER VII 
HEIGHTS AND LEVELLING 

The heights of all the more prominent land features in the vicinity of the 
coast must be determined in order that they may be recorded on the chart. 
These heights are of value to the mariner in enabling him to form a general 
idea of the character of the land features and to obtain his distance off-shore 
by means of vertical angles, and they are essential to the surveyor to enable 
him to draw in the contours of the ground. ‘ 

On Admiralty charts all such heights are referred to the level of Mean High 
Water Springs. This datum is chosen for the benefit of the mariner so that he 
will not be led into underestimating his distance off-shore, as found from verti¬ 
cal angles, if he neglects to apply tidal corrections. From the surveyor’s point 
of view the datum is not so satisfactory since the level of mean high water 
springs may vary several feet within the confines of a single chart and contours 
obtained from land survey maps using mean sea level as datum cannot, strictly 
speaking, be transferred, as they stand, to a chart. Fortunately, heights and 
contours on the chart need not always be of the standard of accuracy required 
in land surveys. 

The height of low water features, i.e., those which show only at certain states 
of the tide, are referred to sounding datum which is approximately the level of 
mean low water springs. Such heights can usually be obtained by direct measure¬ 
ment from the water level and a reference to the tide-pole readings at the time, 
or by sounding over the features in the ordinary way. 

The methods generally used by hydrographic surveyors for determining 
differences of height are as follows :— 

(1) Vertical angles with a theodolite from stations of known height on shore ; 

(2) Elevations with a sextant measured above a sea or shore horizon from a 

ship or boat at anchor; 

(3) Aneroid barometer ; 

(4) Spirit levelling. 

In methods (1) and (2) the horizontal distance between the observer and the 
object must be calculated from the triangulation or taken from the plotting 
sheet. 


(1) Theodolite Heights 

The measurement of vertical angles with the theodolite has been discussed 
in previous pages. Before such angles can be used for calculating differences of 
height, they must be corrected for :— 

(i) Curvature. 

(ii) Refraction. 

(i) Curvature. 

Fig. ”83 shows a vertical section through O, the centre of the earth. A and B 
are two objects on the surface at the same level. AP, a tangent to the earth’s sur¬ 
face at A and therefore the horizontal at A, is drawn to meet OB produced at P. 
The vertical angle to B, observed at A, is the angle PAB, a depression, and, the 
effect of refraction being for the moment neglected, the difference between the 
apparent and true levels of B is represented by BP = a:. If AP = s and the 
radius of the earth (QA or OB) = r, then 

(r -f xy = r* -f s* or, x (2r -f = s® 
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Since the distance AB is always very short in comparison with r 2r^^^^^^^ 
substituted for 2r + and for f without appreciable error, where 
length of the arc of the earth’s surface between A and B. 

The equation then becomes ; 

2 TX = d\ or x=-^ 

The correction represented by x is always additive to angles of elevation and 



The ray of light from a distant object follows a curved path to the obser^^^^^ 

making the object appear, as a rule, higher than it really is. In Fig. , 
toir and B a distant object. The ray from B follows a curved path ^ 
shown in the figure so that to the observer at A it appears that B he^m the 
direction B' where AB' is drawn tangential to the curve at A If AH is the 

of refraction and this varies a small amount with the place, season and time 
of day. Ihe co-efficient of refraction k is c^P^'csscd by the quantity 
where r is the angle of refraction in seconds, r is the radius of the eartn at tnat 
place, Ind d is the distance between the observer and the distant object. The 

^'^The corr'^tion^for^CTrestri refraction, y, may be obtained approximately 

, k d^ 
from the formula y = -j—• 
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Combined Correction for Curvature and Refraction. 

Combining the two corrections x and y, the total correction, K, in seconds to 
vertical angles =-^ yjj jg calculated from this formula, 

using a value of 0'07 for k. As x is always larger thany, K is additive to eleva¬ 
tions and subtractive from depressions. 

When the distance, rf, between the observer and the distant object is more 
conveniently found in terms of nautical miles, the value of K in seconds may 

be taken as ^ith sufficient accuracy for most purposes. 

If a vertical angle has been observed at only one of the stations {e.g., vertical 
angles to intersected points), the correction for curvature and refraction is 
conveniently applied as follows ; 

Call angles, of depression D, those of elevation E. The value of K, the com¬ 
bined correction, is found from table VII. 

Then, if S = K - D or K + E, 

Ah = tan S X distance between the stations. 

Reciprocal Observations. 

By observing reciprocal vertical angles between two stations, the corrections 
for curvature and refraction can be avoided, while the mean refraction can, if 
necessary, be calculated. 



Fig. 85 represents a vertical section through O, the centre of the earth; A 
and B are two stations from which reciprocal vertical angles are measured, join 
,OB and draw AC to meet it at C so that OA=OC. Then the difference of height. 
Ah, between A and B is BC. AH and BH' are the horizontals through A and B 
respectively. Owing to refraction B appears from A to be in the direction AB' 
and A appears from B to be in the direction BA'. In this example both observed 
angles are depressions; that at A, Da, is HAB' and that at B, D6, is H' BA'. 
It is assumed that refraction is equal at A and B, i.e., angle B' AB = emgle 
A' BA : call the value of these angles d. 
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Then angle BAC = 90° - Da - 0 - CAO.(i) 

Angle CAO = angle ACO (by construction). 

= BAC + ABC 

= BAC + (90 - D6 - «).(ii) 

Combining (i) and (ii), 


2 BAC = D6 - Da or, BAC = —^- 

Since the distance between A and B is very small in comparison with the 
radius of the earth, the chord AC may be taken as equal to its arc d and 
ACB may be regarded as a right angle. The difference of height. Ah, is then 
given by: 

Ah = d tan BAC = d tan 2 


If one angle is an elevation and the other a depression, the formula becomes : 


Ah = d tan 


Ea + D6 
2 ’ 


Ah = d tan 


Da + E& 


Correction for Heights of Beacons and Instruments. 

The required heights of stations are usually those of the ground level or 
surface marks at the stations. It is, therefore, obviously necessary to correct 
the results for the heights of beacons and instruments. 

Supposing vertical angles are observed from A (Fig. 86) to B and C. 



Fig. 86 


The height of the instrument at A is i. and that of the marks at B and C, 
s. and e Actively. The difference of height found by calculation is Ah, 
and it will be seen that in the case of B, where the vertical angle is one of eleva¬ 
tion, the true difference of height is Ah i. - g., and m the case of C, where 
the angle is one of depression, the true difference of height is Ah - 1 . -h g.. 

Generally in reciprocal observations, if n are the heights of the instru¬ 
ments at two observing stations, and g., g», the heights of those points on the 
beacons to which observations have been taken, the correction to be applied 
to the difference of height (already calculated) is 

+ i (g. - g* + *. - *•)• 


Examples of calculating Trigonometrical Heights. 

Differences of height can be conveniently calculated in the m^ner shown in 
the following form. The meanings of the various symbols are as follows ; 

D and E, denote the vertical angle of depression or elevation at A. 

D; and E, denote the vertical angle of depression or elevation at B. 
i. and g. denote heights of instrument and beacon respectively above ground 
level at A. 

tj and g» denote corresponding measurements at B. 

K denotes the combined correction for curvature and refraction. 
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Three examples are given : 

(1) With the height of A known and reciprocal observations having been 
made between A and B. 


(2) With the height of A known and a vertical angle from A to B. 

(3) With the height of B known and a vertical angle from A to B. 




2. 

3. 

■ Station A . 

Height of A above M.H.W.S. 

s* . 

-< Station B . 

Height of B above M.H.W.S. 

Distance AB in feet (d) 

Bang. 

51-5 

40 

27-4 

Ham. 

4-8 

150 

36580 

Bang. 

51-5 

4-0 

Zed. 

63-4 

22610 

5-3 

Hold. 

472-2 

27-5 

58770 

1(a)- 

+ E. or - I).. 

+ D» or - E». 

-0 01 08 
+0 04 12 

/ 

/ 

Divide algebraic sum by 2 
••■S(±). 

+ 0 03 04 

/ 

/ 

+ 0 01 32 

/ 

/ 

/ 

1(6)- 

+ E. or - D. 

K . 

.-. S(=K - DorK + E) ± .. 


(E.) +3 15 05 
+ 1 36 

+3 16 41 

(D.) -1 00 12 

+ 4 10 

-0 56 02 

II— 

log tan S . 

log d. 

log Ah .. 

■■•Ah(±) . 

Correction for instruments and 
beacons 

Known height of A or B 
Required height of B or A .. 

T-64936 
4-56324 
1-21260 
+ 16-3 

+ 5-8 

A 51-5 

B 73^6 

^75797 
4-35430 
3-11227 
+ 1295-0 

- 59-4 

A 51-5 

B 1287-1 

^-21221 
4-76916 
2-98137 
+ 958-0 

+ 22-2 

B 472-2 

A 1452-4 


Note .—If reciprocal angles have been observed, use space I (a) : otherwise use I (i). 


(2) Heights by Sextant Elevations 

Sextant angles from a ship or boat at anchor are often used for determining 
the approximate heights of the land features. The results are considerably less 
accurate than those obtainable with a theodolite but are sufficiently good for 
intersected points, such as hill summits, which are not usually very definite in 
outline. In wooded country the actual ground level is of little interest to the 
mariner, for when determining distance by means of vertical angles, these must 
be observed, in such cases, to the tops of the trees and it will be sufficiently 
accurate in a coastal survey to record their heights (above mean high water 
springs) to the nearest 10 ft. Points, the heights of which are determined by 
sextant angles, should not be used as reference levels for finding the heights of 
other points in the survey. 

Two general cases arise : 

{a) Wl^en the sextant angles are measured above a sea horizon. 

(6) When the sextant angles are measured above a shore horizon. 
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(a) Heights from Vertical Angles to a Sea Horizon. 

Figure 87 represents a vertical section through O, the centre of the earth 
E is the observer’s eye at a height feet above the water level and B is a hill 
summit, the height of which is to be determined. EH is the horizontal through 
E and EL is drawn tangential to the water surface. 

Then the angle measured by the observer is the elevation BEL and the angle 
HEL is the “ Dip ” of the sea horizon which will depend on the height of eye of 
the observer. Values of the angle of “ Dip ” for various heights of eye are given 
in table VIII. 



If a theodolite could be used at E, the angle HEB (D) would be measured, 
and in dealing with sextant elevations the first process is to convert the sextant 
angle into what it would have been if a theodolite had been used. The calcula¬ 
tion then follows the lines of that used in finding ordinary trigonometrical 
differences of height. Example : 


Data : 

Height of eye = 30 feet. 

Height of tide = 5 feet: level of M.H.W.S. = 20 feet. 
Distance EB (d) = 9-40 nautical miles (of 6,080 feet). 
Observed sextant elevation of B = 1° 10' 30" 
Computation : 

Observed sextant angle (corrected for index error) .. 
Dip . 


10' 30" 

5 23 


True elevation (E) 

Correction for curvature and refraction (WOrf) 


Angle " S ” . 

log tan S .. 

log i . 

log 6080 (feet in 1 nautical mile) 

log Ah 

Ah . 

Correction for height of eye 
Correction for height of tide 


2- 30274 
0-97313 

3- 78390 


3-05977 
-f 1148 feet 
-f 30 „ 
15 „ 


Height of B 


1163 feet 
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{b) Heights from Vertical Angles to a Shore Horizon. 

Fig. 88 represents a vertical section through O, the centre of the earth. 
E is the observer’s eye and B a distant hill summit. A vertical plane through 
E and B cuts the coastline at L and the observer measures the angle BEL. 
EH is the horizontal through E. In this case the “ Dip ” is the angle HEL 
which will vary with the observer’s height of eye and the distance EL of the 
shore horizon. The value of the angle of dip is given by the formula : 

^_ height of eye 

” distance of shore horizon 

Values of dip for various heights of eye and distances are given in Table IX. 
Using the appropriate value of dip, the computation is the same as with 
observations to a sea horizon. 


H 




Fig. 88 


Notes on Sextant Elevations. 

(i) Abnormal refraction cannot be allowed for and may be responsible for 
erroneous results. 

(ii) When the shore horizon is close, observe from as low a position as 
possible. When the distance of the horizon is less than half a mile, the method 
should not be used. 

(iii) Errors due to observing the shoulder of a hill instead of its summit 
must be guarded against by locating the observing stations in such positions 
that the required summits are not accidentally obscured. 

(iv) For long rays observing sextants should be used and angles should be 
measured “ on ” and “ off ” the arc. 

(3) Barometer Heights. 

The aneroid barometer provides a convenient means of determining differ¬ 
ences of height with fair precision. Changes of height are accompanied by 
differences of atmospheric pressure amounting to approximately 1 inch per 
1,000 feet, and a portable aneroid is usually graduated with a scale of feet 
which can be read with an accuracy of about i 5 ft. It is clear, however, that. 
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before the aneroid readings can be accepted, allowance must be made for any 
changes of atmospheric pressure common to the district during the time the 
instrument is in use. Furthermore, the readings of all barometers are affected 
by changes of air temperature (this applies as much to aneroids which are 
stated to be “ compensated ” as to other tyj^s of barometer) and, to obtain 
the best results, readings should be taken in inches or millibars and corrected 
for temperature {vide Close’s Text Book of Topographical Surveying, Chapter 
IX). The temperature corrections, however, are not very large and for the 
hydrographic surveyor’s purpose may normally be neglected. 

To use the aneroid, proceed first to some place of known height—the hydro- 
graphic surveyor can generally use sea level—and note the reading and time. 
Carry out the same procedure at those places whose heights are required and 
return finally to some other place of known height for a final comparison. 
Assuming the operation starts and finishes at sea level, a curve should be 
drawn showing the correct aneroid readings at sea level, allowing for the 
changes in pressure which have qccurred during the day. These changes can 
be deduced from the readings of the mercurial barometer or barograph on 
board ship, for it may be assumed that pressure changes near the coast will be 
the same as those experienced on board ship. The required differences of height 
can be obtained by subtraction of the curve readings at the times of observation. 

Aneroids should always be read in the same position, i.e., horizontal or 
vertical; they should be tapped gently and given a short period to settle down 
before being read. 


(4) Levelling. 

Levelling is one of the means adopted for finding differences of height during 
a survey and is carried out with an instrument called a “ level.” These 
differences are directly obtained by readings of a horizontal line of sight 
directed on graduated (“ levelling ”) staves held vertically over the stations 
and at intermediate points. In land surveys levelling occupies a position of 
great importance, but in hydrographic surveys it is normally confined, to the 
determination of the difference in level between sounding datum and adjacent 
bench-marks. 

Description of Level. 

The essential feature of a level is a telescope mounted in such a manner that 
ts line of collimation may be made horizontal. Plate H shows a modem type 
of instrument. 

The level is mounted on tripod legs, three footscrews B engaging in slots 
on the tripod head and the attachment being made by means of the screw A 
which passes through the head and engages in a flexible tribrach attached to 
the footscrews. 

Rough levelling is effected by means of the three footscrews and a circular 
spirit level C under the eyepiece end of the telescope. 

The telescope is of x 25 magnification and is internal focusing. It is fitted 
with cross-wires and stadia wires ; when used for measuring distances by 
tachymeter methods there is no “ constant ” correction to be applied. 

The main spirit level D is fitted in a metal guard which is rigidly attached to 
the telescope barrel. Adjusting screws E (not visible in the plate) enable the 
level tube to be tilted through a small angle and brought into correct adjust¬ 
ment with the telescope. The position of the bubble in its tube is seen from 
the eye end of the telescope by means of a prism reader and the eyepiece G. 
A movable reflector F throws light into the tube to illuminate the bubble. 
Both ends of the bubble are seen in the eyepiece and the instrument is 
" levelled ” by tilting the telescope by means of the fine-setting screw H until 
they coincide. The appearance of the bubble in the reader is shown in Fig. 89. 
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Plate H 

A horizontal circle is fitted under the cover J and can be read by the eyepiece 
K to an accuracy of 2' of arc. The instrument can therefore be conveniently 
used for coastlining and other topographical purposes. The clamp L and slow- 
motion screw M enable the telescope to be set on any required bearing. The 
horizontal circle is illuminated by a reflector 
which cannot be seen in the plate. 

Other modem types of level are similar in 
principle though they may differ in design; 
in some a ball and socket arrangement is 
fitted for rough levelling; in some the 
position of the main bubble is read by means 
of a mirror reflector mounted on the tube. 
Batting up and Adjustment of Level. 

(а) To set up the level, push the legs firmly into the ground so that the 
Iripod head is roughly level. 

(б) Secure the upper part of the instmment to the tripod head and by means 
of the footscrews bring the bubble in the circular level central. 

(c) Having placed a levelling staff over the first station from which the line of 
levelling is to be carried, intersect the staff and focus the telescope for distinct 
vision and elimination of parallax (see adjustment of theodolite telescope (p. 34)). 

(d) Complete the levelling by bringing the two ends of the bubble of the main 


















156 

level into coincidence with the fine setting screw. Read and book the reading 
of the horizontal cross-wire on the staff. , 4 . 

(el Operation id) will have levelled the telescope for that observation only. 
When the staff is moved to a new position and the level is turned in azimuth to 
Intersect it again, the ends of the bubble m the main spirit level must again be 
brought into coincidence before the staff is read. 

Procedure when levelling. , ■ 

Example. It is required to determine the difference in height between the 
zero of a tide pole and a fixed bench-mark on a house. 



In Fig 90, T represents the tide pole and M the bench-mark. (Note that 
bench-inarks are usually cut in the form of a broad arrow with a horizontal 

^™{afset”irp*th?i2tmmrat at A and direct the telescope on the tide pole^ 
Make the final levelling adjustment {{d) above), then read and book the 

height on the pole cut by the horizontal wire. -a- 

ih) Send an assistant to hold the levelling staff at Si, in such a position that 
AT = ASi approximately. Rotate the telescope and direct it on the 
staff, and after re-levelling, read and book the height on the staff cut 

bv the horizontal wire. _ . , 1 

Take the level to a position B, so that BM = 
up and adjust, and read the height on the staff at Si (which must be 
turned round to face the level) again. j- . • 4 .i,„ 

id) Send the staff to S. to be held alongside M, and after re-ad]ustmg the 
telescope, observe and book the reading on the staff. 

(e) Before removing the staff note the height on it corresponding to the 
horizontal Une of the bench-mark. , i- i 

Compute the difference in height as follows noting that ^ 
consists of a series of back z.nd forward readings and that the d Jerence 
in height between the beginning and end of the line is the difference 
between the sums of the back readings and the sums of the forward 


(c) 


(/) 


Station. 

Back reading. 

Fore reading. 

A . 

B . 


ft. 

17 -64 (tide pole) 
1217 

ft. 

1-02 

2 -10 (by bench- 
- mark) 

Sums . 


-b 29-81 
— 3-12 

— 3-12 

Difierence of height between zero of tide 
pole and zero of stafi at S, 

Height of M above zero of staff at S, ... 

-b 26 -69 
-b 3-95 



0-64 ft. below bench-mark M 


Therefore zero of tide pole _ 

It should be noted that the accuracy of the levelling depends largely on the 

staff holder, who must pay particular attention to the following ^mts . 

(i) The staff must be held truly vertical. In most patterns of staff a small 
spirit level is fitted to assist in this. 
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(ii) When rotating the staff from its position for a forward reading to that 
for the following hack reading, great care must be taken that no vertical 
displacement occurs. On soft or steeply sloping ground a peg should be 
driven in for the staff to rest on. 

Errors of Levelling and their Correction. 

The most important source of error in levelling, and the only one which 
need be considered here, is collimatioil error. If the bubble is brought to the 
centre of its run (by making the ends as seen in the prism reader coincident) 
the line of collimation, which may be defined for our purposes as the line 
jommg the centre of the object glass to the intersection of the cross-wires 
should be horizontal. To test whether this is the case, proceed as follows : 



Sdect a piece of fairly level ground and have two levelling staves, A and 
13 (Fig 91) held vertically about 100 yards apart. The ground at B being 
lowrer than at A, put B on a peg P driven into the ground. Set up the level 
at O exactly midway between A and B. 

Bring the bubble to the centre of its run, and intersect and read staff A. 
Rotate the level and, again bringing the bubble to the centre of its run, inter¬ 
sect staff B. Drive in P until the reading of B is the same as that of A. A and B 
must then be at the same level whether the instrument is in adjustment or 
is the horizontal and that the line of collimation (when 
the bubble is central) makes an angle a with the horizontal, then, since the 
i line of collimation is fixed with reference to the horizontal when the bubble is 
1 , central, the staff readings will be a' and b’, and aa' = bb'. 

Now set up the instrument as in Fig. 92 on the alignment of A and B. 



Bring the bubble central and intersect the staves. If the instrument is in 
I perfect adjustment, the readings a and b will be the same since the staves are 
at the same level. If, however, the readings are a’ and b' which are not equal, 
a b being inclined at an angle a to ab the horizontal, the telescope should be 
tilted by means of the fine setting screw until the two readings are the same 
and the bubble should then be centred in its tube by the adjusting screws 
I fitted for the purpose. 

An objection to this method of adjustment is that is is necessary to alter 
the focus of the telescope in the second part of the operation as the staves are 
not equidistant from the instrument. This may alter the line of collimation, 
but with modem internally-focusing telescopes the displacement should be 
fc'ractically negligible. 

When levelling the forward and back shots should always be made (as nearly as 
ossible) equal in length ; by so doing, errors of colUmation are automatically 
mcelled and no corrections for curvature or refraction are necessary. 
yote.—A theodolite can be used for levelling, but is much less handy than the level. 
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CHAPTER VIII 

PLOTTING AND GRADUATION 

Triangulation provides the surveyor with a series of points fixed in relation 
to each other. From these points the detaU of the survey is located When 
the triangulation has been completed and the observations have been adpsted, 
the next step is to plot the positions of the various trigonometrical points on 
paper. 

The Plotting Sheet. 

The following descriptions of paper are supplied for use as plotting sheets: 

(1) Paper, Drawing, Antiquarian, H.P. (53 ins. X 31 ins.) mounted on linen. 

(2) Paper, Drawing, Double Elephant, H.P. (40 ins. X 26f ins.), mounted 

on linen. 

(3) Paper, Drawing, continuous Roll, 6 ft. X 6 yds., mounted on linen. 

No. (1) or (2) should be used if large enough to embrace the survey. When 

larger sheets are required, they must be cut off No. (3). 

Surveying ships are provided with a plotting table which is solidly con¬ 
structed and carefully planed to ensure a flat and even surface These tables 
are usually about 6 ft. square and this, therefore, is the size of the largest sheet 
which can be plotted conveniently. ^ . j n 

The paper for the plotting sheet should be stretched out flat and well 
weighted down on the table several days before it is actually required for use. 
This gives the paper a chance of “ settling down ” after being unrolled and 
should ensure that it does not change shape to any material extent whilst 
in actual use. If possible, the plotting sheet should be kept flat during the 
whole course of the survey and until it is finished with. 

The accuracy of the plot is a matter of great importance and every care 
should be taken of the plotting sheet. Anything in the way of rough handling 
is certain to distort the paper and consequently impair the results of the survey. 

Scale. 

The scale of the chart has been discussed in Chapter II (p. 8). The methods 
employed for plotting the main stations of the survey involve the use of a 
rectangular grid which must be of such size as to enclose, if possible, the whole 
area which is to be surveyed. In surveys of great extent it wll, of course, 
usually be necessary to have a series of rectangular grids, each overlapping 
the next by a small amount. The vertical sides of the grid are para.llel to the 
co-ordinate meridian employed in the survey. The size of the grid (on the 
paper) and the amount of paper required for the plotting sheet are determined 
by the area and scale of the survey. If, for instance, the limits of the smvey 
can be contained in a grid whose sides run North-South and East-West and 
measure 100,000 ft. X 200,000 ft. on the earth, and if the scale of the survey 
is to be 1 /50,000, it is clear that this will be represented by a grid on the paper 
measuring 2 ft. X 4 ft. and, to allow a suitable margin, a piece of paper 30 ms. 
X 54 ins. will be required as a plotting sheet. . , , , 

The rectangular co-ordinates of the main stations forming the .framework 
of the survey are calculated from the triangulation and these provide a ready 
means of determining what will be suitable dimensions for the gnd. Assuming, 
as will usually be the case, that the limits of the survey are indicated on a small 
scale chart, the approximate positions of some of the mam stations can be 
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also plotted on the chart and measurements made from them to the sides of 
a suitable grid. Example : 



i.mit of _ A _ re _ a _ t ^ 




imit of plotting Grid 
Scale of Feet 


Fig. 93 


In Fig. 93, A, B, C and D represent four main stations of the survey plotted 
on a chart approximately in their correct positions. The limits of the area 
which is to be surveyed are shown by pecked lines. A rectangular grid, shown 
with continuous lines, is drawn on the chart to enclose the survey area with 
a little to spare. Its north side is taken up sufficiently far to enclose the main 
station B (it is not absolutely necessary for the grid to enclose all the main 
I stations they can be plotted if some of them lie slightly outside its limits— 
but it is more convenient to make it do so, if possible). If, for example, the 
natural scale of the survey be 1/12,500 and the approximate co-ordinates of 
the stations are : 


(E. or W.) 
feet 

0 



feet 

0 


A .. 


B .. .. + 18000 -F 21500 

C .. .. -I- 32000 - 3500 

D .. .. + 46000 -f- 1500 

Then, by measurement on a rough plot, suitable co-ordinates for the sides 
of the grid can be selected as follows ; 

North side.y = -f 22500 feet 

South .. y' = - 18000 ., 

East ,, . X = + 50500 ,, 

West ..x' = - 4000 „ 

Hence, yyy’ = 40,500 ft. and = 54,500 ft., and since the scale of 
the survey is 1/12,500, the length of the grid sides on the paper will be : 

North and south sides : feet = 52-320 ins. 

East and west sides : feet = 38-880 ins. 

Allowing a suitable margin, a piece of paper measuring about 58 ins. X 45 ins. 
will be required for the'plotting sheet. 
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Projections 

Before plotting, the various ‘ ‘ projections,” by means of which the curved surf ace 
of the sphere can be represented on a flat sheet of paper, must be considered. 

A projection is defined as being any systematic method of representing 
parallels and meridians, which on the earth’s surface are curved, on a Hat 
sheet. By definition therefore, a projection need not be strictly geometrical 
and it is only in a few cases that it is so. 

Representation of Shape. 

Since the surface of the earth is curved and is to be represented on a flat 
sheet, it is not possible to preserve the shape of large areas on the representation. 
But if at any point the scale along the mendian and parallel through that 
point is the same (not necessarily correct) and if the meridian and para,llel are 
at right angles to each other, then very small areas on the representation will 
be the same shape as the corresponding small areas on the earth. A projection 
which has this property is called orthomorphic. , . c j 

The essential feature of an orthomorphic projection may be defaned 
therefore, in either of two ways (a) at any point the scale is the same m all 
directions or (6) the angles in any small figure on the earth are preserved 
unaltered on the representation. . _ 

It is proposed to deal only with those projections which are m common 
use for charts and topographical maps. In the general descnption of these the 
earth is assumed to be spherical. When considering projections from the 
standpoint of the cartographer or in surveying computations, the earth must 
be treated as a spheroid. u- u k.. 

There are two broad divisions which may be made ; those which can ^ 
derived from a cone and those which are classed as “ conventional. In the 
first of these classes are the conical, zenithal and cylmtocal projections. 
Among the conventional projections is Mercator’s, and Cassmi s is sometunes 
referred to as a conventional projection though, as will be seen, it can Pe 
derived from a simple conical projection. 


Conical Projections. . • 

In all common examples of these the meridians are represented by straight 
lines converging to a point, the vertex and the parallels are circles concentric 

'^m^angles between the meridians are a certain faction « of the angles 
which the terrestrial meridians make with one another and froni Fig. 94 it is clear 
that n must he between zero, which wUl produce a cylindrical projection, and mity 
which will result in a zenithal projection. (This fraction n is called the constant ot 
the cone.) y 



CONICAL 


CYLINDRICAL ZENITHAL 

Fig. 94 


Only the line of contact of the cone with the sphere will ^ 

In the case of a cone whose axis is the polar axis of the sphere this true to 
scale parallel is known as a Standard Parallel. 
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Conical Projection with one Standard Parallel. 

The construction shown in Figs. 95 and 96 Ulustrates the derivation of 
this projection. The standard paraUel is at Latitude A° and R is the radius 
of the sphere. 


V 




From Fig. 95 it is seen that the radius of the standard parallel is R cos 
and Its circumference is 2 re R cos ^°. An arc of a circle is therefore drawn 
see Fig. 96, whose length is 2 tt R cos and whose radius is R cot <l>°. If the 
arc IS divided into 36 equal parts and such divisions are joined to the centre 
of the arc, the lines so formed will represent meridians at intervals of 10®. 
Concentric circles are drawn at distances equal to their distances, reduced to 
scale, on the sphere. These will be the parallels of the projection ; the pole is 
represented by an arc of a circle. 

It will be seen that since the distances between the parallels has been made 
equal the projection is not geometrical. If it were so, the distances between 
® increase on either side of the standard parallel as in Fig. 97. 

j should not, therefore, be used in high latitudes unless the 

latitude range of the area covered is small and that the area in the immediate 
vicmity of the pole is not shown. 



the angles subtended at V, the vertex, by the arc of the 
standard parallel will be given by, ^ 

Angle at vertex 2 tc R cos ^ 

360° ~ 2 It R cot ^ ^ 

In other words n, the constant of the cone, is sin 
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Considering the properties of this projection, it is seen that the scale is 
correct everywhere along the standard parallel and along each meridian. It 
can be shown that the scale along any parallel other than the standard parallel 
is too great and that this error increases with the distance away from this 
standard parallel; therefore the projection is not orthomorphic since the 
scale is not equal in all directions at any point. 

This increasing error of scale along the parallels as the st^dard parallel is 
left can be much reduced by making two standard parallels instead of one. 

Conical Projection with Two Standard Parallels. 




This is a projection which represents two parallels at their true length®, 
separated by their true distance, as concentric arcs round the vf ex from which 
the meridi^s radiate. Its construction is illustrated in ^ 

which the selected parallels are those drawn through L and M in latitudes 

^‘prom Fig. 98 it can be seen that the lengths of the parallels through L and M 

are 2 R cos and 2 R cos ••••••• .. ' 

and the distance between them, the arc ML = 

2irR(^.- ^0 JL ^.1 .(2) 

-360 180 

Refer now to Fig. 99, showing the developed cone ; to calculate n, the 
constant of the cone, it is necessary to find the angle LVL and the radius VL. 

LVL _ arc LL _ 2 ti Rcos ^ Rcos <h .(3) 

”“^^~27tVL~ 27tVL VL 

^ so. VL = ML 

Substituting (1) and (2), VL — 2 ^ R cos — 2 tt R cos 

R cos iIq (^, - ^ 1 ) 

“ cos <l>i — cos <t>t 

Rcos^i , , cos <l>i - cos 

From (3), « = y. ~ therefore, =— - - 

180^'^’ “ 

The scale of this projection is correct along the two selected parallels and 
along all meridians. On any parallel between the two standard ones the ^ale 
will be too small and outside them too large but the error does not increase as 
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rapidly as it does in the case of the conical projection with one standard parallel. 

The same considerations as before will show that this projection is not 
orthomorphic, but it is more nearly so since the scale errors are smaller. 

There are many possible variations of this form of projection which are 
obtained by (a) adjustments of the scale along the meridians, (6) by the selection 
of the position of the two parallels. Common examples are (i) scale along the 
meridian equal to scale along parallels throughout gives an orthomorphic 
projection (usually known, after its author, as Lambert’s Conical Orthomorphic 
projection) ; (ii) scale along the meridian inversely proportional to scale along 
the parallels throughout gives an equal area projection (this is usually known 
as Albers’ Equal Area Projection). For other forms of this basic projection see 
Hydrographic Department Technical Publication No. 1, " Notes on the 
Minimum Error Conical Projections.” 


Polyconic Projection. 

This is a widely used variant of the conical projection. If the sphere is 
supposed to have its surface divided into a large number of conical surfaces 




Fig. 101 
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The projection offers an advantage that is not possessed by a simple 
conical projection in that whilst the simple conical is suitable for areas haying 
a limited extent in latitude and a large extent in longitude, the polyconic is 
suitable for areas having a limited extent in longitude and a large extent m 
latitude. 

Conical Orthomorphic Projection. 

All conical projections have their meridians and parallels at right angles 
to each other and if they can be modified so that the scale is the same in both 
these directions, the projection will be orthomorphic. 

It can be shown that if ri, the radius upon the projection of the co-latitude 
V of a parallel, is computed from the formula, 
ri = m (tan ^ X)" 

the projection is orthomorphic. In this formula m is an operator to obtain 
the desired scale and n is the constant of the cone. 

Zenithal Projections. 

If n, the constant of the cone, is increased in value to unity, the cone may be 
imagined as becoming flatter at the vertex until it has degenerated into a 
plane. If the cone was normal to the polar axis of the sphere, the plane will 
be tangential to the sphere at the pole. . , , • 

These projections form an important class, their prmcipal feature being 
that azimuths on the sphere from the point of contact of the plane are preserved 
on the plane. 

Included among the zenithal projections are nearly all those which c^ be 
termed geometrical projections in the strict sense of the word, being made by 
projecting a piortion of the sphere onto a plane by straight rays proceeding from 
a point, the point of projection. . 

The following table shows the projections obtained by projectmg from 
points on the diameter (or diameter extended) of the sphere, see Fig. 102. 



Point of 

Distance from 

Projection 

projection. 

centre of sphere. 

obtained. 

A. 

At centre of sphere. 

Gnomonic. 

B. 

At opposite end of dia¬ 
meter to tangent plane. 

. Stereographic. 

C. 

Radius X 1'37. 

Sir Henry James’. 

D. 

Radius X 1-71. 

La Hire’s. 

E. 

Radius X 1-3676 

Clarke’s Minimum Error 
Perspective. 

F. 

At infinity. 

Orthographic. 


Gnomonic Projection. 

If 0 is the angular distance of any point on the sphere from the point 
which is to be the centre of the tangent plane, then the linear distance of the 
projected point from the centre of the tangent plane is given by, 
s = R tan 6 
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It is evident that as the dist^ce from the centre of the tangent plane 
along the radii becomes rapidly greater as 0 approaches 
90 . This can be seen from the fact that tan 90° = oo, or, geometrically that 
to cut^ = the projecting ray wiU be parallel to the plane that it is required 

It foUows, therefore, that Since all distances, areas and shapes are badly 
represented on the Gnomonic projection it is unsuitable for small scale maps 
but It has certam advantages when special charts are considered. 

Since the plane of any Great Circle passes through the centre of the sphere, 
the rays which project this circle will lie in one plane and the projection of the 
r*'®/* a straight line. This property is made use of on special charts 

to facilitate the laying off of Great Circle courses and the plotting of radio 
beannps ° 


Cylindrical Projections. 

These, as has already been stated, result from decreasing the value of the 
constant of a cone until it becomes zero. As the constant of a cone is given by 
sm if sm ^ is zero, the standard parallel will be the equator. 

Cassini-Soldner Projection. 

If a cylindrical projection is'drawn so that distances are truly represented 
to scale along the meridians and along the equator, a network of square 
rectangles will result which is known as a “ projection plate carree.” If this 
projection is rotated through 90° so that the equator becomes a central 
meridian the resulting projection is -the Cassini-Soldner. 




Fig. 103 
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Fie. 103 shows diagrammatically the parallels and meridians on the sphere 
and as they will appear on the projections. It should be compared with Fi^ 
106. The advantage of these projections is that positions may be plotted on 
them by their rectangular co-ordinates. Neither of them is orthomorphic since 
in the ‘‘ plate carr6e ’’ scale is true along the equator and in a north-south 
direction only, whilst in the Cassini scale is true along the central meridian 
and in an east-west direction only. In neither projection is scale true in any 
direction at any one point. 



Fie 104 illustrates the Cassini-Soldner projection with OX and OY repre- 
sentAe the jr and y axes of a co-ordinate system whose pomt of origin is O. 

X is a pole 90° from the y axis. A and B are two trigonometrical points 
having the^same x co-ordinate ; RAX and SBX are great circles drawn at right 
angles^to OY through A and B respectively, and meeting at the pole Since 
A and B have the same x co-ordinate, AR = BS, and so a small circle TBA can 
be drawn parallel to OY passing through A and B. RA and SB are dravm 
2rSndicukr to OY to meet the small circle TBAA' at A' and B' respectively 
^ iTthe explanation of the methods used for calculating rectangular spheroida 
co-ordinates (p. 95) it was shown that the co-ordinates of A are defined by 
RA and RO, but that for the purposes of plotting they are treated as Pjane 
«, oSinates. so that the small circle TBAA' becomes a straight line parallel he 
y axis, and A is plotted at A', with co-ordinates RA and TA , and B is plotted 
at B' ’with co-ordinates SB' and TB'. . , j c 

NoW RA' = RA and SB' = SB, so that the x co-ordmates truly define the 
distances of A and B from the y axis, but the y co-ordinates exaggerate their 
true distances from the x axis. It is clear from the figure that the error of the 
nlot from this cause will be very small in the vicinity of the y axis , even at 
a (istance of 60 sea miles east or west (in latitude 52 ) it only amounts to 
1 • 6 637 in a north and south direction, a quantity which cannot be measured 
on the paper. So, provided distances east or west of the origin are not too great 
the errors^of plotting by this method are negligible, and this justifies the u^ of 
this projection which, like every other, is necessarily burdened with errors of 

Meridians (which are also great circles), other than that through the origin 
are not repreUnted by straight lines on this projection. Withm a reasonable 
distance however, east or west of the origin (say, 100 miles the deviation of 
fhe trae curves is so small that they can be plotted as straight lines without 
measurable error. 

Mercator’s Projection. . , 

Let it be imagined that a very narrow strip of the surface of a sphere 
extending north and south from the pole to the equator and limited on the east 
and west^by two meridians, is laid fiat. In fact this will be impossible unless 
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the width of the strip is infinitely smaU, but it will be nearly possible if the 
meridians are very close together. 



If the strip is divided equally along the meridians into units of equal 
latitude and if the units have their diagonals drawn as at a, b, c, d, e f g 
and h of Fig. 105a. these diagonals may be regarded as Rhumb lines’cutting 
the centre line of the strip AB. 

If the meridians are now drawn parallel to each other as in Fig. 105b, and 
the rhumb lines are drawn to cut A'B' at the same angle as they cut AB in 
Fig. 105a, it can be seen that the units must be progressively widened in a 
^ north-south direction towards the pole. 

This is the basis of Mercator’s projection. The equator is divided equally 
to obtain meridians which are drawn at right angles to it and parallel to each 
other. The parallels are at right angles to the meridians and have their distance 
apart increased in the ratio, 

radius of equator 

radius of latitude circle 

i.e. Chart length of 1' Lat. = Chart length of 1' Long, x sec. Lat. 

The projection is orthomorphic and Rhumb lines, since the meridians and 
parallels are at right angles to each other, are represented by straight lines. 

For convenience in craistructing a ^aticule on the Mercator projection, 
tables of meridional parts are included in various nautical tables, e.g., Tables 
for the Construction of Charts, 1932. These tables give the relative distance 
from the equator of each minute of latitude in terms of a minute of longitude. 

Suppose, for instance, it is desired to construct a Mercator graticule to cover 
























168 

a 1° square between latitudes 52° and 53° N. and longitudes 15° and 16° W. on 
a scale of i in. to 1 ' of latitude at mid-lat. 

From Table III: for lat. 52° 30' ; 1' of lat. (p sm r X 60) = ^84-864 ft 
and 1' of long, (v sin V cos 52° 30 X 60) - 3713 bUy tt. 

/, 3713-609\ . nQfi(;ir,;n^ 

1' of lat. at mid-lat. = ^ in. so 1' of long. — X 0034 . 854 } 

Fro» Table of Meridional Parts : Mer. pts f» g; W - 

Difference = 98-31 

So the degree of longitude will measure (60 X 0_30515) in^ = ms. and 

the degree of latitude will measure {98-31 X 0-30515) ms. — 29-999 ms. 

A rectangle is drawn with dimensions of 29.999 ins X 18-309 ins. to re^re^nt 
the area The upper and lower sides can at once be divided into equal dmsions, 
Srs ev.“ sS ins. representing 10' of longitude. The divts.on o the ver- 
tic^ sides is made by further reference to the table of mendional parts. 

For instance : Mer. parts for 52° 20' = 3679-26 
Mer. parts for 52° 00' = 3646-74 
Difference = 32 -52 

The position of the 52° 20' mark will be therefore. 32-52 X »'30515 = 
9-923 ini above the lower edge of the rectangle ; and similarly for any other 
divisions of latitude. 

Transverse Mercator Projection. 

This projection, which is also known as the Gauss Conformal P^l^tion 
is constracted by rotating the Mercator through 90 iroiectlon • 

show the sphere and the resultmg graticule on the 

Figs 106 (c)^and (d) show the same thing when the graduation on the sphere 
is turned through 90° while the sphere itself remams fixed. 



The North and South Poles are here at the extremities of the Great Circle that 
was formerly the equator and this Great Circle is the only meridian remaining . 
it becomes the Central Meridian of the projection. The former meridians now 
become Great Circles running East and West and appear on the projection 
as equidistant horizontal lines. The former parallels become small circles parallel 
to the Central Meridian and appear on the projection as vertical straight lines 
set at increasing distances from the Central Meridian just as the real parallels 
increase in distance from the equator in the normal Mercator projection. 
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It will be seen that, whereas in the ordinary Mercator projection the scale 
increases to the north and south of the equator, in the Transverse Mercator 
the scale increases to the east and west of the Central Meridian : but on both 
projections the scale at any one point is the same in all directions. 




Transverse Mericator 


The Transverse Mercator projection provides a rectangular framework 
into which the real meridians and parallels must be plotted; the parallels 
will be curves that are concave towards the poles and the mei-idians will be 
concave towards the central meridian, but since the projection is orthomorphic 
all meridians and parallels will ciit at right angles. 

This projection is clearly best suited to an area that has a North to South 
length considerably greater than its East to West breadth. 

Plotting Instruments 

The principal instruments required for plotting are : 

(а) Scales.— These are of metal and supplied in various sizes, from 24 ins. to 
about 60 ins. in length. They should be used in their boxes and should never 
be taken out of them even for cleaning purposes. Great care should be taken 
not to damage the surfaces of scales with scratches of beam compass points, 
and no abrasive material should be used for cleaning them. 

(б) Straight-Edges.^ —^These are made of nickel-plated or rustless steel and are 
supplied in various sizes up to 72 ins. in length. One edge is chamfered and it is this 
edge which is used for niling lines. Provided straight-edges are carefully treated, 
they should retain their initial accuracy which can be guaranteed by the methods 
used in their construction. The straightness of the chamfered edge should, 

J nevertheless, be tested from time to time by ruling a fine line (with a pricker) 
and reversing the straight-edge when examination of the coincidence of the 
edge with the line by means of a reading-glass will show whether it is perfect. 
As with scales, no abrasive materials should be used for cleaning purposes. 

(c) Beam Compasses. —These are obtainable in various sizes to measure 
distances from about 3 ins. to 60 ins. No beam compass is absolutely rigid and 
in making long measurements care should be taken to hold and support the beam 
in the same manner when using it on the scale as when sweeping an arc or 
setting it between two points on the plotting sheet. 

(d) Chord Dividers and Spring Bows. —These are needed for all short 
measurements of less than about 3 ins. 

(e) Protractors. —Circular, semi-circular and rectangular protractors in various 
sizes can be used for protracting angles when short rays only are involved. 
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(/) Pricker—A pricker should be used for laying off the lines for plotting 
the grid and all the more important points on the plotting sheet. Fmer and 
more accurate lines can be drawn with a pricker than with a pencil and the 
plotting sheet is kept cleaner. 

(g) Magnifying Glasses—These are required for examining the scale when 
setting measurements on beam compasses, etc., and for inspecting the lines 
on the plotting sheet. 

ih) Weight*—A good supply of canvas, leather or baize-covered weights is 
essential for keeping the plotting sheet flat and for weighting down straight 
edges before drawing lines. 

Plotting of Main Triangulation 

The plotting of the main stations of a survey is usually effected by means 
of their rectangular co-ordinates. The selection of a suitable rectangular grid 
to contain the main stations and the survey area has already been discussed. 
The mechanical construction of a grid is best explained by a practical example. 

[a) Construction of Grid. 

The first process is to find the plotting lengths of the vertical and horizontal 
sides and the diagonals, and the diagonal bearing as measured from the vertical 

^’^Ssuming that the scale of the survey is 1/12,500 and the co-ordinates 
selected for the grid sides are; 

North side, y = + 12500 ft. : East side, x = ■{- 42500 ft. 

South „ y' = - 18000 ft. : West „ x' = - 4000 ft. 

Then, x x' = 46500 log .. .. 4-667 4530 

yr^y' = 30500 log .. .. 4-484 2998 

.-. Diag. bearing = 56° 44' 19": L. tan .. 10-183 1532 

Log X ~ .r' . 4-667 4530 

L. sin Diag. bearing .. .. 9-922 2983 

log diagonal {feet) 


4-745 1547 

To convert actual distances in feet into their corresponding lengths in inches 
on the plotting sheet, a constant'log for the scale in use is determined as 
follows : 

log 1/scale (= 12500) .. 4-096 9100 

log ins. in 1 foot (= 12) .. .. 1-079 1812 

.-. Constant log .. • • • • 3-017 7288 

The plotting lengths of the diagonals and sides are then found : 



Diagonal. 

Vertical. 

Horizontal. 

Ixjg side (in feet) 

Constant log .. 

4-746 1647 
3-017 7288 

4-484 2998 
3-017 7288 

4-667 4630 

3-017 7288 

Log side (in ins.) 

1-727 4259 

1-466 6710 

1-649 7242 


These results give the plotting lengths of the sides : 

Diagonals .. .. = 53-386 ins. 

Vertical sides .. .. = 29-280 ins. 

Horizontal sides .. = 44-640 ins. 

The construction of the grid is now as follows; 

(i) Set the above measurements on three beam compasses. Great care 
should be taken to see that these measurements are exact, a magnifying 
glass being used to examine the settings. 
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(ii) With a pricker draw a line somewhat longer than the diagonal and at an 

angle of about 57°, i.e., the diagonal bearing, relative to the shorter 
sides of the paper. 

(iii) Prick a hole on this line near one end to represent one of the grid comers, 

say, the S.E. comer. 

(iv) With the beam compass set to the diagonal measurement sweep an arc 

to cut the line near the othef end and prick through the intersection. 
This point will be the N.W. comer. 

(v) With the beam compasses set to the vertical and horizontal side measure¬ 

ments, sweep arcs from these comers over the approximate positions 
of the other two comers. Prick through the intersections of these arcs 
which will be the N.E. and S.W. corners. 

(vi) With the beam compass set to the diagonal measurement, check the length 

of this, the N.E.—S.W. diagonal. The agreement should be perfect; if 
it is not, start the whole plot again. 

(vii) With a pricker join the N.E.—S.W. comers and draw in the four sides. 

Great care is necessary to see that the pricker lines pass exactly through 
the centres of the comer holes. 



(viii) Set a beam compass to half the length of the vertical sides and another 
to half the length of the horizontal sides, and sweep arcs from the 
four comers to bisect the vertical and horizontal sides respectively. 

(ix) The intersections of these arcs with the sides give the Mid. N., Mid. S., 

Mid. E. and Mid. W. points. Prick these through and join them as 
shown in Fig. 107. 

(x) The intersection of the four cross lines at the centre should be perfect. 

Examine the cut carefully with a magnifying glass to make sure that 
there is no suggestion of a “ cocked hat.” If any error is found it will 
be best to start again and replot the whole grid, since, if left, it will 
lead to endless trouble and inaccuracy when plotting the stations. 

The operations described should not take more than 16 to 20 minutes and, 
within reason, the quicker they are done the better, as there is less likelihood 
of distortion taking place in the paper whilst the plot is in progress. 

The longest straight edge usually available is 72 ins., and this is therefore 
the limiting length of a diagonal. The longest scale is usually about 60 ins. 
If it is necessary to have a diagonal of more than 60 (but less than 72) ins., 
the initial procedure must be modified as follows : 

Set one of the beam compasses to half the length of the diagonal instead of 













Chap. VIII 

the whole length and, after drawing the first diagonal, prick a hole to mark 
the centre of the grid. The first two comers are then fixed by sweeping arcs 
from the centre across the diagonal with this half measurement. The subse¬ 
quent procedure is the same, but the length of the second diagonal must be 
checked from the centre as it cannot be measured in one. , . 

The corners, mid-points and centre usually provide a sufficient number ot 
points from which to plot the main stations, but when very large sheets are 
plotted it is sometimes convenient to subdivide the grid into further rect¬ 
angles. It is clear that the co-ordinates of the mid-points and centre can 
be at once deduced from those of the corners, e.g., co-ordinates (x , y ) ot 
Mid-South: 

x" - X + ^' - + 42500 - 4000 ^ ^^250 ft. 

X — 2 ~ 2 ^ 

y" ==y' = - 18000 ft. • . . „ 

For convenience, the corners, etc., should be circled in ink, as shown in Fig. 107. 


(b) Plotting of Main Stations. 

The grid constitutes a framework from which the main stations or points 
of the survey are plotted. The positions of the stations with reference to the 
comers and mid-points of the grid are known from their rectangular co¬ 
ordinates and the plotting of these positions is effected by the protraction of 
angles which are calculated from the differences of the co-ordinates, it, tor 
instance, it is required to use a line drawn from the N.E. corner of the ^id as 
one of the rays necessary for plotting the position of a station, the co-ordinate 
bearing of the station from that comer can be found by ditferences of 
co-ordinates, and a line in this direction can be drawn by protraction ot the 
angle which the bearing makes with the vertical, horizontal or diagonal sides 
of the grid. , , ,. 

In plotting the main stations it will often be necessary to maw lines ot 
considerable length, up to as much as 60 ins., on the paper. The ordmary 
types of protractor cannot be used for plotting long rays ; the largest size ot 
instmment normally available has-a radius of only about 10 ms., and two 
prick holes this distance apart do not serve as a sufficiently rigid alignment 
for the straight edge when a long line has to be drawn. Angles are therefore 
protracted by means of chords unless the required ray will reach the station 
within the radius of the protractor employed. 

Chords. 


Fig. 108 



If two radii of a circle of given radius r, containing between them a given 
angle 0, be drawn to cut the circumference of the circle, the length of the 

chord thus cut off is 2r sin From this formula are calculated the chords 
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from 0° to 60° for a radius of 10 which are given in Table XVIII. From them 
chords for any required radius can readily be calculated. 

In Fig. 108, suppose it is required to draw a line AC, about 40 ins. in length 
(this distance being sufficient to reach beyond a station located in the direction 
AC) making an angle (0) of 30° 10' 15" with the initial line AB. 

(1) Set 40 ins. exactly on a beam compass and with centre A sweep an arc 
from B, carrying it through the estimated position of the line AC. 
Prick through the intersection of the arc and the line AB at B. 


(2) Table of chords gives : 

Chord for 30° 10' 15" at 10-in. radius = 5-20518 ins. 
Hence, „ ., „ „ 40 „ „ = 4 X 5-20518 ins. 

= 20-821 ins. 


(3) Set the measurement 20-821 ins. on a beam compass and with centre 

B sweep an arc to cut the previous one. Prick through the intersection 
of the arcs at C. 

(4) Join AC. CAB is the required anglp. 

Before plotting the main stations it is convenient to prepare a small-sized 
diagram of the grid, preferably on squared paper. On it should be marked the 
approximate positions of the main stations, and a scale of inches, corresfwnding 
to an equivalent scale on the actual plotting sheet, should also be added. 



Fig. 109 


Each station is plotted by three shots from suitably disposed comers or 
mid-points of the grid. The ideal cut for the shots is an angle of 60° and though 
this is not usually obtainable it is always possible to get a well-conditioned cut 
if the stations are located within the grid or not too far outside its edges. The 
small scale diagram shows at once which shots will give a good cut and the 
scale of inches enables suitable radii for the chords to be taken off. To simplify 
the calculation of the chords, it is convenient to use, if possible, half or even 
multiples of 10, e.g., 15, 20, 25, etc. 

In Fig. 109, A and B are the approximate positions of two main stations. 
A good cut at A can be obtained by plotting shots from the N.E., N.W. and 
S.W. points of the grid ; at B by shots from S.E., centre and Mid.S. Shots 
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from other points might do as well and there is usually a considerable choice 
of points from which shots will give almost equally good cuts at a station. 

When using chords, it is easier and more accurate to protract small angles 
rather than large ones. With small angles the arcs, which are swept, cut alinost 
at right angles, and provide very definite points of intersection, and so, slight 
inaccuracies in the measurement of the radii will have the minimum effect. 
Furthermore, distortion of the paper produces less change in small chords. For 
these reasons the shots to A and B are laid down as follows : 


To A from N.E. 

N.W. 
S.W. 
S.E. 
centre 
Mid. S. 


by protraction from the N.E.—S.W. diagonal. 

N.W.—S.E. 

Vertical. 

S.E.—N.W. diagonal. 
Horizontal. 

Vertical. 


The radii of the chords must be long enough for the arcs to be swept outside 
the stations which are being plotted. Suitable lengths may be taken off the 
diagram, e.g., to A from N.E. 40 ins., from N.W. 20 ins., etc. In the case of 
the shot to B from the centre since B lies only about 7 ins. away, the angle 
can, if desired, be laid off with a protractor without using chords. 

To calculate the co-ordinate bearings from which the plotting angles are 


deduced; 

Take the co-ordinates of the grid sides and of the stations A and B to be as 


follows: 

N. side, y^f = 

S. „ ys = 

E. „ Xe = + 220000 feet 

W. „ Xjy==+ 42500 „ 

A „ x^ = + 79860 „ : 

B „ xb = + 157516 „ ; 

By calculation, the diagonal bearing 


-f 105000 feet. 
- 12000 „ 


: = + 59261 ft. 

; ys = + 48553 ft. 
of the grid=056° 36' 32'. ' 


Computation of bearings and plotting angles. 


Grid Point. 

N.E. 

N.W. 

S.W.' ' 

L ::: 

4- 220000 
-1- 79860 

4- 42500 

4- 79860 

4- 42500 

4- 79860 

Lx . 

140140 

37360 

37360 

yA. 

4- 105000 

4- 59261 

4- 105000 

4- 59261 

- 12000 

4- 59261 

Ay . 

45739 

45739 

71261 

log Lx . 

log Ly ..• 

5 146 5621 
4-660 2867 

4-572 4069 
4-660 2867 

4-572 4069 
4-852 8519 

L. tan bearing . 

10-486 2754 

9-912 1202 

9-719 5550 

Bearing . 

Bearing of zero. 

71 55 28 

56 36 32 

39 14 32 

56 36 32 

27 40 00 

00 00 00 

Plotting angle . 

15 18 56 

17 22 00 

27 40 00 
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It will be found convenient to keep a “ Plotting ” Book in which angles, 
chords and other details of the plot can be noted. 


Example: 


Station 

From 

Zero. 

Left 

Right. 

Angle. 

Chord 

(10' 

radius). 

Radius 

(ins.). 

Final 

Chord. 

A 

N.E. 

Diag. 

R 

15 18 56 

2-66510 

40 

10-660 


N.W. 

Diag. 

R 

17 22 00 

3-01947 

20 

6-039 


S.W. 

Vert. 

R 

27 40 00 

4-78196 

25 

11-955 

B 

S.E. 

Diag. 

R 

10 42 35 

1-86647 

25 

4-666 



Hor. 

L 

4 28 09 

Not 




Mid. S. 

Vert. 

R 

23 26 59 

required 

4-06423 

20 

8-128 


This provides the necessary data for plotting A and B, the procedure being 
as follows: 

Set a measurement of exactly 40 ins. on a beam compass and, with centre 
the N.E. comer, sweep an arc across the diagonal as shown in Fig. 109. Prick 
through the point of intersection on the diagonal. 

Set a measurement of 10-660 ins. on a beam compass and with centre at 
this point of intersection sweep an arc to cut the first one. 

Prick through the second intersection and draw a line from this point to the 
N.E. comer. This will be one shot to A. Similarly with the other shots. 

The three lines to each station should make perfect cuts at A and B respec- 
ti\ ely. If there is any suggestion of a " cocked hat,” the measurements should 
be checked and, if necessary, a further shot should be calculated and plotted 
from another point of the grid. 

All the main stations are plottea in this way; and occasionally it may be 
necessary to calculate the co-ordinates of one or two of the secondary stations 
and plot them in a similar manner if well-conditioned cuts cannot be obtained 
by shots from the main stations. (See next page.) 
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Distortion.—It is impossible to manufacture a paper which will retain 
exactly the same size and shape under all conditions of temperature and 
humidity. If, however, the plotting sheet is carefully treated and prevented 
from undergoing drastic changes of temperature such as would occur if it 
received the direct rays of the sun, it is fair to assume that expansion and 
contraction take place nearly equally m all directions, so that only the scale 
and not the shape of the plot is altered. Slight alterations in scale are of no 
great moment, and the actual scale at any time can easily be found by 
remeasuring one of the grid diagonals and comparing its length with tne 

° ft is owing to the existence of these changes in the paper that the rnethod 
of plotting by angles, in preference to plotting by distances is adopted. In 
the example given, Fig. 109, it would be possible to calculate the distances m 
feet of A from the N.E., N.W. and S.W. comers of the grid and, convertmg 
these distances to the corresponding lengths m inches on the scale of the 
survey, to plot A by swinging arcs of these radii from the three comers. The 
intersection of the arcs would be the position of A. In practice, however, it is 
found that as a rule the intersection will not be so good as that obtained by 
the angle method. , , ... , 

On account of distortion of the paper the arcs of the radii once measured 
and scratched on the paper, cannot be considered as havmg been done once 
and for all. If some period has elapsed since scribmg an arc, the radius should 
be remeasured to ascertain if it has altered and, if necessary, the arc must be 
redrawn. 

(c) Plotting of Secondary Marks. , • . 

The main stations of the triangulation form a framework from which the 
secondary and sounding marks can be plotted by the protraction of the 
observed angles to them. 



In Fig. 110, A, B, C, etc., are main stations of a survey and a, b and c are 
secondary marks’ Each secondary station must be plotted by not less than 
three shots making as good a cut as possible. If the three shots mtersect m 
exactly the same position on the paper, the correctness of the observations 
and the plot will be proved. The figure shows that the shots indicated by 
pecked lines will make good cuts at a, b and c respectively and, assuming 
that these rays have been observed, those stations can be plotted from them. 

In plotting any angle from a main to a secondary station, the protraction 
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should be made from a line longer than that necessary to reach the latter, 
e.g., in Fig. 110 the shot to b from F should be protracted from the line joining 
FA, not from that joining FE or FC. In this way the plotting is carried inwards 
all the time and it is unnecessary to extend the zero line beyond the further 
station. If F and A are not intervisible, the necessary angle can be obtained 
from the calculated differences of co-ordinate bearings. If, for instance, the 
angle bFC was actually observed, the angle bFA can be found by subtracting 
from bFC the difference of the bearings FA and FC. If the main triangulation 
system forms a fairly dense control, it is probable that most of the shots to 
the secondary stations will be short enough to be laid off with a protractor. 
All angles and other details of the plotting of secondary stations should be 
entered in the Plotting Book in the form used for the main stations. 

It is only exceptionally that all the secondary stations and sounding marks 
can be plotted entirely by shots from main stations; usually it is necessary 
to include some shots at least from other secondary points and sometimes 
resort must be made to less regular methods such as graphic resection or the 
use of angles obtained from ship and boat stations, vide Chapter IV. 

Other Methods of Plotting the Main Stations. 

(i) By distances measured on a closely subdivided grid. 

A method frequently adopted when there are many points to be plotted, but 
ones which are only being fixed progressively as the survey proceeds, is to 
subdivide the main grid into small squares and to plot the main stations and 
other co-ordinated points, in their appropriate squares, by direct measurement 
east and west, and north and south from the enclosing borders of the square. 

The method of constructing the main outer grid is the same as before, except 
that there is no necessity to draw in the full length of the diagonals ; but the 
co-ordinates of the main grid comers should be chosen to facilitate subsequent 
subdivision into conveniently sized squares, e.g. in the example given on p. 170, 
more suitable co-ordinates for the sides of the grid would be, y = -(-12000 ft. 
and y' = —^20000 ft. ; x = -(-44000 ft. and x' = — 4000 ft. ; giving vertical 
grid sides of 32000 ft. and horizontal sides of 48000 ft. The vertical sides can 
then be subdivided into eight equal parts, each representing 4000 ft., by 
successive bisections, and the horizontal sides can be subdivided, almost as 
easily, into twelve parts, each, also, representing 4000 ft. By joining opposite 
subdivision ticks, the plotting sheet will be covered with a network of squares, 
each square having sides representing 4000 ft., i.e. 3-840 ins. on the selected 
scale of 1 : 12,500. Each grid line must be labelled, on the border, with its 
co-ordinate value, -(-12000, -f8000, -(-4000, etc. 

One of the squares (which is unlikely to have any point plotted in it) is then 
selected and a diagonal scale, as shown in Fig. 111a, constmcted in it. 

The plotting of any point can now be carried out by direct measurement in 
its appropriate square. E.g., to plot a point whose co-orinates are * = -(-5063 ft. 
andy = — 14796 ft.; the appropriate square is that bounded by x co-ordinates 
-1-4000 and -(-8000, and by y co-ordinates — 12000 and —16000. A plotting 
length corres^nding to 1063 ft. is measured from the diagonal scale and set on 
the chord dividers, and short arcs, cutting the horizontal grid lines, are scribed, 
eastwards from the NW. and SW. comers of the square; a plotting length 
corresponding to 2937 ft. is now scribed westwards from the NE. and SE. 
comers of the same square, and should coincide with the first arcs ; the inter¬ 
sections are pricked through and joined by a line (which will represent a small 
portion of the x = -(-5063 grid line). Next an arc, rvith plotting radius of 
2796 ft. is measured on the diagonal scale and drawn, with centre, the inter¬ 
section of the y = — 12000 and the x = -f5063 grid lines, to cut the latter; 
an arc, with radius corresponding to 1204 ft. is then drawn northwards from 
the south side of the square, and should coincide with the previously drawn arc. 
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The intersection of these two arcs on the x = +5063 grid line is pricked through 
and is the required position (Fig. 111b). 



To save a myriad of small scratches on the plotting sheet, the process outlined 
above can be done on tracing paper on a square traced from the plotting sheet; 
the position is then pricked through on to the plotting sheet from this small 
tracing. 

The disadvantages of this method of plotting are the longer time spent in 
preparing the grid and the greater technical experience needed for its accurate 
construction ; and also the danger of plotting a point in the wrong square. 
The advantage of being able to plot points directly from their co-ordinates 
without any calculation of angles, chords, etc., is obvious. 

(ii) From a Long Side. 

Another method of plotting the main stations, which may sometimes be 
used for small harbour plans or in running and sketch surveys, is by plotting 
from a " Long Side.” This method is not so satisfactory as that previously 
described, but it does not involve the calculation of co-ordinates and therefore 
saves time. It is also rather simpler to understand. Example : 



Figure 111c represents the triangulation of a small harbour. The longest 
side in this triangulation is AF and this is used as the initial side from which 
the plot is begun. By starting from the longest side the plot is carried inwards 
to shorter sides and errors of plotting tend to diminish rather than increase. 
The approximate bearing of AF should be known, and the procedure is then 
as follows: 

(1) Draw a line with a pricker on approximately the correct bearing AF 
(relative to the edge of the paper). 
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( 2 ) 

(3) 

( 4 ) 

( 6 ) 

( 6 ) 

(7) 


Calculate the plotting length of AF corresponding to its true length 
= 25,000 ft. and the scale of the survey = 1/12,600, the 


plotting length of AF = 24-000 ins. 


Set this measurement on a beam compass and prick off on the line 
already drawn two points to represent A and F. 

The rays from A and F make a good cut at B : therefore plot B by pro¬ 
tracting the angles BAF and BFA, and prick it through. At this 
stage there is no check on the accuracy of B’s position. 

Plot E by protracting angles from A, B and F. If the intersection of the 
three shots at E is satisfactory, as it should be, a check is provided 
on the accuracy of the previous work. 

D can now be plotted from A, B and E, and C from D, E and F. 

Secondary points and sounding marks are plotted in the usual manner 
from the framework provided by the main stations. 


(iii) Plotting stations by Graphic Resection. 

It is sometimes necessary to plot stations by graphic resection ie by 
means of the angles taken at those stations. This, of course, cannot be done 
until a sufficient number of main stations have been fixed and plotted in the 
ordmary way, after which it may be found that one or two additional points 
are required, but are hardly of such importance as to justify time spent in 
re^sitmg a number of main stations in order to observe the shots to them. 
Ihe co-ordmates of such resected points can, if necessary, be calculated in the 
m^ner descnbed in Chap. IV, and they can then be plotted from those co- 
ordmates. If, however, their importance does not warrant this, a very good 
position CM be obtained by protracting all the observed angles, if necessary 
with chords on tracing pa^r. The tracing is then laid over the plotting sheet 
and adjusted as necessary till the rays cut the respective main stations when the 
point can be pncked through. This method gives a more accurate position than 
that obtained by using a station pointer on which only two angles can be set 
simultaneously. 


Graduation 

All charts and plans should be graduated, i.e., the borders of the sheet 
should represent meridians and parallels drawn in conformity with the pro¬ 
jection employed. Each comer of the sheet represents a definite geographical 
jwsition and the borders are subdivided and numbered in such a manner 
that the latitude and longitude of any point may be easily ascertained. The 
graduation enables the mariner to fix himself by astronomical observations in 
relation to the detail on the chart and by reference to it a chart on one pro¬ 
jection may ^ redrawn on another. Besides defining the location of the su^ey 
on the earth’s surface, the graduation also shows the orientation of the work 
so that bearings between various points can be measured directly off the sheet. 

The graduation should be done on the plotting sheet and subsequently 
transferred to the fair chart by means of a tracing. The process involves the 
protraction of angles, generally by chords, and it is undesirable to spoil the 
surface of a fair chart with scratches of the pricker and beam compass. The 
final subdivision, however, e.g., to 6' of arc, can be conveniently done on the 
fair chart itself. 

Three cases must be considered : 

(1) A regularly plotted survey (i.e., by the use of co-ordinates) in which the 

geographical position of the Point of Origin is not known at the time 
the plot is made. 

(2) A replarly plotted survey in which the geographical position of the 

Pomt of Origin is known at the time the plot is made. 

(3) Surveys plotted from a " Long Side.” 
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Tr, TTicr 112 A and B are two main stations. A has been fleeted ^sthe 

ar«.F»e^ge,UUheco^^^ 

riXi'el'oftrSlme,'Z S 

Assigned co-ordinates of N.W. comer » = - >“+"“<* 


^X == 65000, ^y = llOOQ 


log A% 4-812 9134 

lo| £,y 4 041 3927 

.-. L . tan bearing 10-771 5207 

,. False bearing A-N.W. = 279“ 36' 19" 
Add difference 
True bearing A—^N.W. 
log. dist. A—N.W.: 

True bearing : L . sin 
log. £ix{ — x) 


log Ax 
L. sin 
log dist. 


4-812 9134 
9-993 8684 
4-819 0450 


4-819 0450 
L . cos 9-272 107 7 
log A^ {=y) 4;-091 1527 


_ 10 45 
= 280 47 04 
4-819 0460 
9-992 2610 

^__ 4-811 3060 

Trie co-irdinates of N.W. ' 

3, = + 1^335-4 ft. 

Similarly, the i™ ZpulatioT” Srt” 

S fhe'^ teito of the sides mil be available from the triangnlation. 
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The geographical position of the Point of Origin is obtained from the 
astronomical observations; that of any other station may be calculated 
from the recomputed rectangular co-ordinates, using the formulae given in 
Chapter IV. Suitable geographical co-ordinates may then be selected for the 
four comers of the graduation, their positions being such that the sides of 
the graduated figme will enclose the limits of the survey, and as much 
additional space as may eventually be needed for the inclusion of a title, 
memoir and other details on the fair chart. It is convenient, though not 
essential, to place the comers at an exact minute, or in the case of large-scale 
surveys at an exact decimal of a minute, of latitude and longitude. This 
facilitates the subsequent subdivision of the sides at the required intervals, 
e.g., at every 6' of latitude and longitude. The geographical co-ordinates of 
the graduation comers having been selected, their rectangular co-ordinates 
are calculated and their positions are plotted in precisely the same manner as 
that adopted for the main stations. The result is exemplified in Fig. 113, in 
wWch the comers of the graduation. A, B, C and D, are circled and are joined 
with pecked lines, the co-ordinate grid being shown in firm lines. It will be 
noted that the comers of the graduation can be plotted in the usual manner, 
e.g. the S.E. comer, D, with shots from the centre, Mid.S. and S.E. points 
of the grid. 



The drawing of the bounding meridians and parallels joining the comers of 
the graduation must now be considered. 

The bounding meridians are drawn by joining AC and BD (the western, and 
eastern sides of the graduation) with straight lines. As previously explained, 
meridians are not tmly represented by straight lines on the Cassini-Soldner 
projection, but the divergence is inappreciable on the plot. The parallels are 
curves, concave towards the pole, and to draw them it is necessary to have 
recourse to a table of abscissae and ordinates {vide Table XIV). This table is cal¬ 
culated for the gnomonic projection, but it may be used without sensible error 
for the Cassini projection within the limits of any ncnmal hydrographic survey. 

The method of drawing the parallels of latitude is illustrated in Fig. 114, 
in which for the sake of clearness the convergence of the meridians and the 
curvature of the parallel is greatly exaggerate. 

PAQ and RBS are two bounding meridians of a sheet, A and B being the 
comers of the graduation and therefore in the same latitude. Join AB, bisect it 
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at E and draw EF at right angles, making its length equal to the ordinate for 
Aai/the difference of longitude between A and B at the latitude of those points. 
The abscissae and ordinates in Table XIV are given in mches and decimals of an 



and the scale is 1/50,000, then : 

Ordinate for j A,,, (= 30') from table = 0-063 ins. 

0-063 X 73 . 

scale of 1/50,000 = -- ms. 

= 0-092 ins. 

Therefore, draw EF = 0-092 ins. F is the centre point on the parallel but 
more points are needed before the complete paraUel can be dra^ the number 
depends on the curvature of the parallel (which decreases towards the equator), 
thHcale, and the difference of longitude between the corners. In this example 
it would be sufficient to mark points at 10' intervals of longitude. Therefore, 
proceed as follows: , „ u - 

Through F draw a line GFH parallel to AB and on it mark off the abscissae 
Fvi Fva^and Fvj, corresponding to 10', 20' and 30 of lonptude at latitude 
52° 20' and on the given scale. Lay off at right angles the correspondmg 
ordinates yi Xi, y, x, and y, x,. It is clear that the pomts x, should comcide 
with A and B. Xi and x» are the other required points on the paraUel. 

It is impossible to draw a curve of very large radius which in theoiy is 
necessary to represent a parallel, and in practice it is drawn m by joining 
Ax, X, xi, etc., by straight lines. Provided there are enough pomts, Xu x*, etc., 
of subdivision, the series of chords will approximate sufficiently closely to the 
true curve. . 

The appearance of the completed graticule is shown m Fig. 115. 

The lower bounding parallel CD is drawn in the same manner as AB ; withm 
the limits of a single sheet on the scales normally used in hydrographic surveys 
the ordinates of the two bounding parallels will be sensibly equal so that 
AC = X, x's = Xi x'l, etc. The abscissae, however, will not be the same , 
they are greater for that paraUel which is farthest from the pole (in this figure 
CD) and they must therefore be laid off independently for each. The scale of 
latiWde along the meridians is practically constant for distances up to 2 
ie at least as far as the difference of latitude m any one sheet, and the 
meridians may therefore be subdivided into as many eqml divisions as are 
convenient and intermediate parallels may be drawn with the same curvature 
as the bounding parallels. 
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Intersections of parallels and meridians are transferred to the fair chart by 
means of a tracing and, to minimise the effects of distortion, such inter¬ 
sections should not be more than 6 ins. apart. The final subdivision of the 
border, {e.g., to 6' of lat. and long.) may be done on the fair chart itself. 



When the geographical position of the Point of Origin is known at the 
commencement of a survey, the process of graduation may be simplified in 
the following manner. 

Instead of selecting suitable rectangular co-ordinates for the sides of the grid, 
choose geographical co-ordinates for two diagonally opposite comers of the 
grid and calculate the rectangular co-ordinates of these points. Example : 

Data :—Geographical co-ordinates of Point of Origin : 

Latitude, 51“ 16' lO'- 380 N. 

Longitude 0“ 39' SS'- 564 E. 

Geographical co-ordinates selected for two opposite comers of the gprid: 

N.E. Comer : Latitude 51° 34' 00' N. Longitude 1“ 44' 00' E. 

S.W. Comer : Latitude 51“ 19' 00' N. Longitude 1“ 23' 00' E. 

The rectangular co-ordinates of these comers and the convergence between 
the meridians through them and that through the Point of Origin are calculated 
by the usual formulae and found to be : 

N.E. comer : x = -j- 242904-2 ft.,y = -)- 110215-1 ft., convergence 50' 05'. 

S.W. comer : x = -j- 164190-3 ft., y = -\- 17999-3 ft., convergence 33' 37'. 

The X co-ordinates of the N.W. and S.E. comers are the same as those of 
the S.W. and N.E. comers respectively, and they co-ordinates are the same 
as those of the N.E. and S.W. 

The grid is constmcted and the stations are plotted in the manner already 
described. To graduate the sheet, proceed as follows : 

(a) From the N.E. comer draw a line representing the meridian through 
that point by laying off an angle of 50' 05' from the vertical side of 
the grid. A chord with a radius approximately equal to the length 
of the vertical side should be used. The direction in which to lay off 
the meridian, i.e., to the right or left of the grid side, is obvious when 
it is remembered that all meridians, including that through the origin, 
converge to meet at the pole. 

(5) Similarly from the S.W. comer draw a line representing the meridian 
through that point by laying off an angle of 33' 37' from the vertical 
side of the grid. 
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Ic) From the N.E. and S.W. comers draw lines normal to the meridians ; 
this is most easily accomplished by laying off angles equal to the 
respective convergences from the horizontal sides of the grid. 

(d) From each of these normals lay off towards the pole an angle equal to 
half the difference of the convergence at the comers, i.e., in this 

example ^ ~ = g' 14'. The points at which these lines 

intersect the meridians will be the other two comers of the graduation. 
The parallels may be drawn and the subdivision carried out m the 
manner previously described. 



Case {2>). 

When the triangulation has been plotted from a " long side,” different 
methods of graduating must be employed. The simplest is as follows: 

In Fig. 117, A and B are two trigonometrical stations situated near two 
opposite comers of the survey. Their geographical positions and the bearing 
AB and reverse bearing BA are calculated from the triangulation. It is 
required to graduate the sheet. 

{a) Join AB and lay off the meridians AM and BN through A and B ; the 
angles will be the bearing AB and reverse bearing BA. 

(6) Obtain the exact scale of the plot at the time by measuring AB and 
comparing the measurement with its .actual length. 

ic) Select two corners D and F for the graduation at even minutes or 
decimals of a minute of latitude and longitude in the vicinity of A 
and B respectively and so disposed that the graduation figure will 
enclose the ?irea of the survey. In this example, the station A is 
excluded. 
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{d) On AM and BN mark off AC and BE, the distances, according to scale, 
corresponding to the differences of latitude between A and D and 
between B and F. The length of 1' of latitude and its logarithm are 
given in Tables III, Ilia and Illb in the column headed p sin 1*. 



(e) Draw CD and EF normals to the meridians at C and E, their lengths, 
according to scale, corresponding to the differences of longitude between 
A and D and between B and F. The length of 1* of longitude can be 
found from Tables III, Ilia and Illb by multipl5nng v sin 1' by cosine 
latitude. The latitudes of D and F must be used as the argument. 

(/) D and F are two required comers of the graduation. In the constmction 
it is assumed that the normals CD and EF coincide with the parallels 
through C and E; this will be sensibly the case if the distances CD 
and EF are short as they must be when this method of graduation is 
employed. 

(g) Calculate the bearing DF and reverse bearing FD and draw the bounding 
meridians through D and F. 

{h) Draw normals to these meridians through D and F and lay off angles 
towards the pole equal to half the convergence between D and F as 
in case (2). The intersections of these lines with the meridians are the 
other two corprs of the graduation. The parallels can then be drawn 
and the subdivision effected in the manner already detailed. 

Boards and Tracings 

Field Boards. 

The plotting sheet should not be removed from the chart-room during the 
progress of the survey and it is not therefore available for plotting and recording 
the detail of the survey in the field. For this purpose use is made of wooden 
field boards which are supplied in various convenient sizes and are mounted 
with cartridge paper cut as necessary from a continuous roll. Zinc sheets, in 
lieu of wooden boards, have also been tested experimentally with satisfactory 
results and in time may be more extensively used. 
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To mount a board : 

(1) Selecting the smoother side of the board, rub its surface thoroughly with 

sandpaper to remove all irregularities. 

(2) Cut off a piece of cartridge paper the shape and size of the board, with 

about IJ ins. overlap all round. 

(3) Prepare a fairly thick paste by mixing ordinary flour and warm water 

and coat the surface of the board with it. 

(4) Damp the under side of the paper well and lay it on the board : then 

smooth it down thoroughly with a hand-roller to remove creases and 

to squeeze out surplus paste. 

(5) Cut a nick at each comer and paste the overlap to the edges and under¬ 

side of the board; this prevents the paper being tom away at the 

edges. Allow the mounted board to dry thoroughly before use. 

The various stations and marks on the plotting sheet are transferred to the 
field boards by means of a paper tracing on which their positions are pricked 
through and circled. This Pricking-through Tracing should be the same size 
as the plotting sheet in order to cover the whole survey, and it must be carefully 
handled to prevent damage and distortion. In addition to the trigonometrical 
points and sounding marks, the comers and mid-points of the plotting grid 
should be transferred to the field boards for use as fitting-on points for the 
fair and collector tracings. A meridian and scale should be drawn on each board. 

When the work for which the board was prepared is finished, the paper may 
be “ floated off ” intact by allowing the board to soak in a bath, or over the 
ship’s side on a rope’s end, for an hour or so, offer which it can be pr^d away 
gradually without much difficulty. The “ float-offs should be retained until 
the fair chart has been drawn and checked. 

It is usually convenient to prepare separate boards for the sounding and 
topography respectively; the former get a great deal of wear and tear in the 
boats and soon become dirty—when they should, of course, be replaced by 
fresh boards. 

Whatman’s Drawing Boards.—These are made in various sizes and are 
made of stiff cardboard, one side of which has a sj^cially prepared surface. 
They may be used in lieu of or to supplement the ordinary wooden field boards 
for many pmposes and have the advantage of being much lighter. Their 
lack of rigidity, however, makes them inconvenient for use in boats or wherever 
wear and tear is likely to be considerable. 

Fair Tracings.—The work on the field boards is transferred to the fair chart 
by means of paper tracings which should be of moderate size, say, not more than 
al^ut a foot square. Tracing paper is made in rolls 30 ins. or 40 ins. wide and 
a sufficient number of pieces should be cut off to cover the area of the survey, 
each piece overlapping the adjacent ones an inch or so. Enough trigonometrical 
and grid points should be pricked through onto each tracing from the plotting 
sheet to ensure that it can always be fitted to the field boards in its correct 
relative position. To minimise the effect of distortion such points should not 
be more than 6* apart and, if necessary, a few arbitrary " fitting-on ” points 
should be placed on the plotting sheet and transferred to the boards and 
tracings for this purpose, but intersections of parallels and meridians or of grid 
lines will usually provide a sufficient number of these. 

A series of small tracings for transferring the work from the boards is 
preferable to one large tracing covering the whole area since distortion is 
minimised and there is less likelihood of damage occurring in use. The labour 
of tracing is also expedited as the detail can be transferred from the various 
field boards simultaneously, and, to facilitate this process yet further, it is 
convenient to make a separate series of tracings for the soundings on the one 
hand and for the coastline and topography on the other. Separate tracings 
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should be made for the examination of shoals, and work in the vicinity which 
appears on a sounding tracing should be encircled in some distinguishing colour 
and transferred to the examination tracing. 

As the work on each tracing or field board is completed, all details must be 
carefully checked to eradicate any errors of transcription (particular care being 
taken that work on the common overlap of tracings is in exact agreement). 

Collector facing.—In addition to the field boards and fair tracings which 
show small isolated portions of the survey, a comprehensive record is essential 
as a guide to the progress of the work and as a duplicate in case of accidental 
destruction of the fair chart or tracings. This record, the " collector tracing,” 
is kept on tracing cloth which is made in rolls 30 ins. or 43 ins. wide. All trigo¬ 
nometrical, grid and graticule intersections and sounding marks are pricked 
through on this tracing from the plotting sheet and it is then kept up to date, 
as the survey progresses, by tracing off the work from the field boards. 

Tracing cloth distorts a great deal and must not therefore be used for trans¬ 
ferring points from the plotting sheet to the field boards or detail from the 
boards to the fair chart, processes which must always be done with tracing 



When finally completed, the information on the collector tracing should be 
identical with that on the fair chart in every particular. 
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CHAPTER IX 
GRIDS 

The general term " grid ” can be defined as any systematic network of 
lines superimposed on a chart or map and lettered and numbered in such a 
way that the position of any feature can be precisely defined. 

A grid is designed to fulfill the following requirements : 

(a) To provide a concise method of reference to positions. 

(f>) To remove any possibility of ambiguity in such reference. 

(c) To enable positional references to be made by inspection. 

(d) To facilitate the rapid calculation of bearings and distances between 

positions which may or may not appear on the same chart or map. 

It is apparent that a grid that cuts corresponding points on a chart and 
on a map will provide a ready means of relating the information shown 
on the one with that of the other. The paucity of topographic detail on 
a chart and the absence of hydrographic information from a map' often 
make it necessary to use the two in conjunction. By means of the same 
grid plotted on both, chart users and map users are able to co-ordinate 
positional references. 

Systems of reference employed on charts and maps fall into two classes, 
those which are based on parallels of latitude and meridians of longitude 
and those in which the basis is a rectangular network of lines formed by 
measurement from some fixed point. The former is usually referred to as 
a “ Graticule ” system and the latter as a " Grid*’ system. The grid 
system has been widely adopted as the more convenient for most operational 
and intelligence purposes. 

The Grid or Co-ordinate System. —^This is simply a network of squares whose 
orientation is fixed by the direction of a meridian through a pioint called the 
“ Point of Origin.” This meridian is called the " Initial meridian.” 

The size of the squares forming the network varies with the scale of the 
chart or map and the values assigned to the lines forming the squares are 
some convenient round numbers of whatever units of measurement are 
employed. \ 

The grid is related to a point of origin which is usually selected somewhere I 
within the area covered by the particular grid system. Following the normal J 
algebraic convention, grid lines and references East and North of the origin^ 
would have plus values, those to the West and South minus values, but, in 
order to avoid the use of signs in giving grid references, a " false ” origin with 
zero co-ordinates is chosen to the West and South of the area and arbitrary 
co-ordinates {e.g., 600 km. East and 610 km. North) are assigned to the true 
origin, so that all references within the area have plus values and it is therefore 
unnecessary to indicate their sign. This simplifies grid references and, of course, 
will not affect the use of the grid for the determination of bearings and distances 
since the calculations depend on differences of grid values and not the actual 
figures of these values. It should be noted, however, that grid bearings are not 
true bearings but are angular distances from the " initial meridian,” i.e. that 
through the true, not the false, origin. 

In the British Modified System the area covered by the grid is, on small 
scale maps, divided into squares of 100,000 units. The 100,000 squares are 
lettered from A to Z (neglecting I) in an easterly and descending order and the 
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grid lines are numbered. The first unit of the 100,000 numbers is printed in 
small figures. 

Fig. 118 shows a part of such a grid. The point X is referred to by the 
letter B followed by a four figure group, i.e., “ B 1429 ” ; the first two figures 
of the group specify the easting of the point and the second two its northing. 
In each case the first figure is obtained from the value of the grid line to west 
or south of the point and the second figure is obtained by visual interpolation 
m the square to east and north of these grid lines. 



It will be seen from Fig. 118 that without the prefixed letter B, the reference 
would hold good also for the position X'. 

On larger scale maps or charts the grid is printed in squares of 10,000 units 
each square bemg subdivided into squares of 1,000 units and references are 
given by six-figure groups. The first three figures in such grid references 
refer to the eastmg of a point and the last three to its-northing. In each group 
j figures the first two are taken from the nearest grid lines to the west 
and south of the point and the third by visual interpolation within the square 
to the east and north of the selected grid lines. 

Fig. 119 shows a part of such a grid, the point X being at 549574. The grid 
letter is omitted from the map as a rule, excepting in cases where the boundary 
between 100,000 squares appears on the sheet. Even in these cases it may 
Mmetimes be only shown on a key diagram. It is important to remember that 
the first figure in each half of a numerical reference, whether on large or small 
scale gnds is always the 10,000 digit. 

In the system which has been described it will be seen a singly lettered 
grid will cover an area of 500,000 units to East and North of the false origin 
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and that therefore, if the grid is extended beyond these limits the letters must 
repeat themselves at every 500,000 units. In man> grid systems, therefore, the 
first subdivision is into lettered squares at 500,000 units and each of these 
lettered squares is further subdivided into 100,000 unit squares. A full grid 
reference on such a grid will then consist of two letters followed by a six-figure 

^xlf 'distinguish between the letter which refers to the 500,000 unit square 
and that which refers to the 100,000 unit square the former letter is 
printed on charts and maps smaller than the latter. Where no doubt 
can possibly arise of what 500,000 unit square is being referred to it is not 
necessary to quote the small (500,000 unit square) letter when giving a grid 

'^^^IHs'Siportant to note that in some tables and diagrams giving grid d^ 
the 500 000 unit square letters are printed in large letters and the 100,000 
square letters in small. This is the reverse of the procedure adopted on charts 

^*^In the majority of cases the unit of a grid is the metre, although the Malta, 
India, Ceylon and Australian grids, for example, are in yards. 


World Polyconic System. —This system\was introduced by the United States 
Army authorities and has been adopted An certain areas of the Pacific; its 
use may spread to other areas. i. . j • u 

The world is divided into five bands of longitude and each band is sub¬ 
divided into nine zones. Limits of the bands and zones are shown m tables of 

^No^^eUers are used and a full reference is given by an eight figure group 
of which the first three in each half of the group are obtained from the values 
of the grid lines printed on the map and the last by interpolation. 

The band numbers and zone letters are shown on the map in a box 
containing grid data. 


Gridding of Charts. 

As a rule it will only be medium scale charts which will require gridding, 
though large scale charts of harbours have in the past been gridded. 

One of the principal uses of gridded charts is for bombardment purposes 
and such a chart should, ideally, meet the following requirements: 
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{a) The scale should be as large as possible. 

(&) All possible targets should be shown. 

(c) As much sea room as possible must be included. 


These requirements are at times mutually conflicting and it has been found 
that, in practice, a scale of about 1/50,000 provides the best compromise. 

On charts (as distinct from maps) -of 1 /75,000 and larger, grid lines cor- 
res^nding to a distance of 1 kilometre apart should be drawn to enable 
positions to be read by estimation to the nearest 100 metres. On charts of 
smaller scales than 1/75,000 grid lines 10 kilometres apart, enabling positions 
to be read to the nearest kilometre should suffice. 

The general responsibihty for deciding the type of grid, the projection and 
the spheroid to be used in any part of the world rests with the Geographical 
Section of the General Staff of the War OflSce. In any area where land opera¬ 
tions are envisaged, the G.S.G.S. provide the necessary data for constructing 
the chosen grid and lay down the geographical limits of the zones which each 
grid system will cover. To ensure uniformity it is essential that the same grid 
systems with the same numerical values and colour should be used by other 
services, but black should not be used for grids on charts owing to the possibility 
of confusion with meridians and parallels. 

The grid co-ordinates of any point derived from measurement on a gridded 
chart should agree with that derived from measurement on a gridded map. In 
the ideal case the grid on a chart assumes a regular pattern and this can be 
done if: 


(i) The difference between the chart and the map is solely one of gradua¬ 

tion, i.e., a bodily shift of the graticule on the map or chart would 
bring both into complete harmony. 

(ii) Only small, irregular differences in the topographic detail between the 

chart and the map exist. 

Complete agreement could only be obtained by making a multitude of small 
] distortions to the grid but, as this is impracticable, small inconsistencies 
between grid references on charts and maps must be regarded as inevitable. 

If, however, the initial comparison between the chart and the map shows 
that in certain areas, more or less well defined, a series of comparisons gives 
one result, whilst elsewhere they give a considerably different result; or if 
there is agreement only at one point, and, from that point, discrepancies 
increase, it may be necessary to distort the grid or even, in extreme cases, to 
make it discontinuous in places. If it is necessary to grid such charts for use 
in combined operations when other Services are makmg use of modem and 
presumably more accurate maps, it is as well to place a cautionary note on the 
J chart to the effect that inconsistencies may be expected. 

) It has been customary, except in a few cases where the chart has been 
I demonstrably superior to the map, to bring the grid on the chart into S5mipathy 
Mrith that on the map. In general, therefore, the first step in gridding a chart 
is to decide what correction, if any, is necessary to bring the chart graticule 
I into sympathy with that on the maps. Military maps do not always have a 
graticule drawn on them but geographical positions of the comers of each sheet 
f are given or else can be found from data printed on the sheet. If the grid 

) co-ordinates only of the sheet comers are given, their geographical co-ordinates 

V should be calculated from the formulae applicable to the projection of the 
grid and a skeleton graduation should be drawn to enable geographical positions 
to be read. 

The latitudes and longitudes of a number, say 10, of corresponding points 
of detail should be measured off the chart and map and mean differences 
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obtained to provide a correction which will bring the chart graticule into 
sympathy with that of the map. In cases where individual differences disa^ee 
largely with the general run, clearly examples of inaccurate survey or plotting, 
they should be rejected. 

Suppose, for example, that the north-east comer of the graticule of a chart 
was shown as being in Latitude 62° 10'N., Longitude 71°05'E., and that, on 
an average, the latitudes of points of detail on the maps were 10* greater 
than those of corresponding points on the chart and longitudes 35* less, then, 
to bring the chart graticule into sympathy, the north-east comer of the 
chart must be assumed to be in Latitude 62° 10 '10* N., Longitude 71° 04' 25* E. 
The same corrections would, of course, be applied to the other comers of 
the chart. 

Modem hydrographic surveys are normally based on the national trigono- - 
metrical system (if one exists) of the area concerned and in such cases no correc¬ 
tions should be required apart from any correction necessary to longitudes based 
on a meridian other than that of Greenwich. 

The calculations required before the grid can be drawn are not difficult, 
but the constmction may be rather troublesome as, in most cases, the grid is 
not on the same projection as the chart. Maps, on the other hand, are usually 
on the same projection as the grid and the latter can be plotted as an equidistant 
system of str ai ght hnes at right angles to each other. On a chart drawn on a 
projection different from that of the grid, the grid lines are not necessarily 
parallel, equidistant or straight. 

The majority of charts which require gridding are drawn on Mercator’s or 
Gnomonic projections. The most common projections used for grid systems are 
Cassini’s, Transverse Mercator (Gauss conformal) or conical orthomorphic 
projections such as Lambert’s. Formulae for the conversion of geographical 
co-ordinates to rectangular grid co-ordinates and vice versa for these three 
projections are given in “ Survey Computations ”* and elsewhere. Whichever 
formula has to be used, constants for the spheroid appropriate to the particular 
grid system must be employed. The G.S.G.S. usually publish tables to facilitate 
conversion of co-ordinates in the various zones and these will save a good 
deal of labour, particularly if a calculating machine is available. 

The following steps are necessary whatever type of grid is to be drawn on 
a chart; . 

(a) Obtain corrections to the graticule of the chart as already 

described. I 

(b) With the corrected geographical co-ordinates calculate the rectangular 

co-ordinates of the four comers of the chart graticule and the con- 
vergency between the meridians at each comer and that through the 
true origin of co-ordinates, using the formulae, constants and units 
appropriate to the grid. (On the Lambert projection the convergency 
of the grid is the same for all points on any particular meridi^, so 
that the convergency at one point only on each marginal meridian of 
the chart need be calculated.) 

It is usual to draw the grid over the whole of the chart but in 
cases where a very large expanse of sea is shown this may not always 
be necessary. In such cases intermediate positions can be selected 
to cover the area required. 

(c) Find out on what projection the chart is drawn. This must usually 

be done by inspection. If the chart is a Mercator, the parallels will 
be represented by straight hnes, the scale of latitude will increase 
towards the p)oles and the top and bottom of the sheet should be 

* "Survey Computations, 1932” (Ordnance Survey). H.M. Stationery Of&ce. 
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equal in measurement. If the chart is a Gnomonic, the parallels will 
be curved, concave towards the poles, the meridians will converge 
towards the poles and the scale of latitude will be practically 
constant on a medium or large scale chart. 

^ If the chart is drawn on Cassini’s or a conical projection, the 
difference in the shape of the graticule from that of a single, medium 
scale Gnomonic chart is very small and cannot be detected with 
certainty by measurernent on the paper as there is sure to be some 
distortion during printing. No appreciable errors will be introduced 
by assuming that such a chart is, in fact, drawn on the Gnomonic 
projection. 

(d) A number of intersections of whole number grid lines are now chosen 
within or near the co-ordinate limits of the chart comers. These 
points must now be joined but the joining lines may be either 
straight lines or curves according to the shape that the grid lines will 
assume : and interpolation must be made within the computed 
points to obtain the intermediate values of the grid lines. The grid, 
when drawn, consists of a series of trapezoidal figures. On small 
^ale charts (less than 1 •75,000) grid lines at every 10 kilometre 
interval should be drawn; on larger .scales, lines at each kilometre 
interval. 

The procedure is best illustrated by an example : 

It is required to grid Chart No. 1585. “ Bay of Acre.” 

The following data are available ; 


Scale of Chart. 
Projection of Chart. 

Projection of Grid. 
Spheroid. 

Unit. 

Point of Origin. 

False co-ordinates 
of Origin. 


1/50,000. 

Gnomonic. (Not indicated under the title bat 
presumed to be so by inspection.) 

Transverse Mercator. 

Clarke 1880. 

Metre. 

Latitude 31“ 44' 02*-749 N. 

Longitude 35“ 12' 43*-490 E. 

170,251 -555 metres E. 

126,867-909 metres N. 


Comparison with the maps shows that no correction is necessary to bring 
the chart graticule into sympathy with that of the map. 

The comers of the chart are: 

North-east. Lat., 33“ 01' 27-3* N., Long., 35“ 09' 01-2* E. 

North-west. „ 33° 01'27-3* N., „ 34“ 52'58-5* E. 

South-east. „ 32“ 44' 00-0" N., „ 35“ 09' 00-0* E. 

South-west. „ 32“ 44' 00-0* N., „ 34“ 53' 00-0* E. 

Computation gives the rectangular co-ordinates as : 

North-east. 164,482-412 m E. 269,932-336 m N. 

North-west. 139,522-948 m E. 269,980-314 m N. 

, South-east. 164,432-292 m E. 237,670-164 m N. 

South-west. 139,435-700 m E. 237,717-798 m N. 


A rough " mock-up ” can now be made of the position of the grid lines. 
This is only to ascertain what cutting points will be required for com- 
Jputation and so need not be accurate nor to full scale. Fig. 120 shows 
such a " mock-up.” 
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computations. 

Cutting Points—Latitude N. 
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Cutting Points—Longitude E. 



Consideration of differences in the two tables shows that: 

(a) The Latitudes and Longitudes of the cutting points of intermediate 
northing lines on the easting lines can be obtained by direct inter¬ 
polation. 

(&) The Longitudes of the cutting points of intermediate easting lines on 
the northing lines can be similarly obtained. 

(c) The Latitudes of the cutting points of intermediate easting lines on 
the northing lines cannot be so simply obtained since the differences 
change along the northing lines; i.e., on Line 270000 differences 
are 140000-150000, 0-83 seconds and 150000-160000, 0-61 seconds. 
The steps in latitude, between successive cutting points along the northing 
lines, decrease from west to east. Calling these steps L, (L — d), (L — 2d), etc., 
their value can be found from the simultaneous equations : 

L -f (L—d) 4- (L —2d).+ (L_9d) =0''-83 of lat. 

(L — lOd) + (L — lid) .+ (L — 19d) = O' ^l of lat. 

giving (in secs, of lat.), L = 0'’-0974 and d = 0'' 0032. 

In the example above, the decrease in the differences is very small and 
direct interpolation would be within plottable limits. 

It is customary to show the value of the grid convergency on two meridians 
situated near the east and west borders of the chart. In the case of large 
scale charts whose east-west extent is not great, this is sometimes shown for 
the central meridian of the chart only. 

Computation in the above example gave the following figures for the 
bonvergency of the grid : 

I North-east comer 2' 01T5" 

) North-west comer 10' 45-18' 

I South-east comer 2' 00-85' 

[ South-west comer 10' 39-95' 

I In this case it would be sufficient to show on the chart, in the “ box ” con- 
■aining,grid data: 

I “ Grid North 0°6' E. of Tme North at Meridian 35° East. 

I Experience will soon show how many cutting points are to be selected for 
computation. In the example 16 were-used although it is probable that 9 would 
have sufficed. 
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The following table shows the form that will be taken by grid lines on a 
Lambert, Transverse Mercator or Cassini grid when plotted on a Mercator or 
Gnomonic Chart. 


Projection 
of Chart. 

Projection 
of Grid. 

N-S lines. 

E-W lines. 

Scale along 
Meridians. 

Scale along 
Parallels. 

Mercator. 

Lambert. 

Straight. 

Curved, 
convex 
towards pole. 

Practically 
constant along 
meridian, i.e., 
grid length of 
a kilometre 
is the same 
number of 

latitude 

everywhere. 

Increases 
very slightly, 
i.e., lengthen 
paper of a 
kilometre 
increase 
is hardly 
appreciable. 

Mercator. 

Transverse 

Mercator. 

Slightly 

convex 
towards 
meridian of 
True origin 
which is 
straight. Can 
be neglected 
up to ISO 
miles E or W 
of origin. 

Curved, 

towards 

As for 

Lambert 

grid. 

Scale along 
parallel is 
practically 
constant. 

Mercator. 

Cassini. 

Curved, as for 

Transverse 

Mercator 

Grid. Can be 
neglected up 
to 100 miles 
from True , 
origin. 

towards 

As for 

Lambert 

Transverse 

Mercator 

grids. 

As for 

Lambert 

Grid. 

Gnomonic. 

Lambert. 

Straight. 

Practically 

straight. 

Practically 

constant. 

As for 

Mercator with 
Lambert grid. 

Gnomonic. 

Transverse 

/Mercator. 

As for 

Mercator 

with 

Transverse 

Mercator 

grid. 

Practically 

straight. 

Practically 

constant. 

Practically 

constant. 

Gnomonic. 

Cassini. 

As for 
Transverse 
Mercator 
grid. 

Practically 

straight. 

. 

Practically 

constant. 

Practically 

constant, 

distance from 
origin is very 
great. 

Increases very 
slightly E-W 
or N-S of 
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CHAPTER X 
SOUNDING 

Sounding is perhaps the most important part of the hydrographic surveyor’s 
work. Safe navigation demands an accurate knowledge of the depth of the 
sea, particularly in harbours and their approaches where vessels may often be 
compelled to use anchorages, channels and fairways where the depths may 

I allow little margin for error. As the bed of the sea is hidden from view, its 
form can only be determined by systematic soundings at regular intervals 
over the whole water area of a suiVey. It is assumed, imless there are indica¬ 
tions to the contrary, that the slope of the bottom is uniform in the spaces 
between adjacent soundings, a postulate which has no strict justification; 
however, no better method than that of systematic and evenly-spaced sounding 
has yet been devised, and it can at least be said that the results have been on 
the whole satisfactory. Nevertheless, the possibility of the existence of irregu- 
l^ties, dangerous to navigation, between adjacent soimdings cannot be lightly 
dismissed, and it is often necessary to supplement sounding by “ sweeping ” 
part or parts of the survey area at some pre-determined depth ; this should 
at least ensure that no dangers remain undetected but unfortunately, unless 
bottom sweeping is resorted to, it can only give this negative information 
which does not completely fulfil the requirements of navigation. 

The operation of sotmding is usually the most arduous and sometimes the 
least interesting part of the hydrographic surveyor’s work. Considerations 
of practicability, safety and economy demand that much of it should be done 
in small boats in which the surveyor is necessarily somewhat exposed, cramped 
and uncomfortable ; if the weather is against him, his difficulties are, of course, 
greatly augmented. Modem inventions have done much to relieve the purely 
manual labour involved; sounding under oars or sail is now a thing of the 
past and the use of the hand lead is giving way to various types of echo sounding 
^ apparatus which have increased the output and the accuracy of the work. 

l^es of Sounding.—In theory th6re is no limit to the number of soundings 
f which might be considered necessary to make certain that the contours of the 
sea bed are accurately represented on a chart. It is conceivable that, even if 
•oimdings only 10 ft. apart were taken over the entire water area, important 
irregularities might be missed, but except in isolated cas«s, e.g., more or less 
enclosed basins and harbours of very small extent, it would be quite imprac- 
ticable to attempt any such detailed examination as this, nor as a rule, would 
I much be gained by it. In practice the density of the soimdings must be 
dependent on the scale and nature of the survey. 

^e normal method of sounding an area is to run lines of soundings with the 
, ship or ^ats approximately at right angles to the trend of the coast. The 
i fathom lines, or contours connecting isometric depths, are, as a rule, roughly 
L parallel to the coastline and the drawing of these on the chart is somewhat 
§ facihtated by miming the sounding lines perpendicular to them. It would be 
Lpactically impossible to fix every individual sounding and the method adopted 
III to fix the position at regular intervals by sextant angles to marks on shore 
or floating beacons. Assuming that the ship or boat is properly handled, 

I speed and course between successive fixes will be for all practical purposes 
COlistant, so that intermediate soundings can be plotted by interpolation with 
/ all required accuracy. When echo sounding apparatus fitted with an automatic 
i IffBcorder is used, the record of depths along the line is continuous, for the 
taken with such rapidity that there is no appreciable interval 
between them. If a hand lead, or any type of mechanical sounding gear b 
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used, there must be some interval between consecutive soundings dependent 
on the personal factor and/or the efficiency of the machine. The usual procedure 
in depths of 20 fathoms or less is to adjust the speed according to the scale of 
the survey so that at least as many soundings are taken as can be conveniently 
shown on paper. For instance, about ten soimdings can be inked in legibly 
to an inch of paper, so that on a scale of 1/6,250 (about 12 ins. to the nautical 
mile) it will be necessary to take soundings at intervals not more than 50 ft. 
apart, whilst on a scale of 1 /50,000 (about 1^ ins. to the nautical miles) sounding 
at intervals of 150 yards would suffice. As the depth increases, the chances 
that a dangerous shoal exists (and might go undetected) between two con¬ 
secutive soundings become correspondingly reduced, and the normal sounding 
intervals can be extended, at any rate on large scales. If, for instance, a simvey 
on a scale of 1/6,250 included an area with depths of 50 fathoms or more, 
it would be a waste of time to sound that part of it at such close intervals as 
50 ft.; sounding 300 ft. apart {i.e., equal to the depth) should be quite sufficient 
to ensure that some indication of a possible danger was obtained. With echo 
sounding gear (fitted with an automatic recorder) the depth record is con¬ 
tinuous and the speed of the ship or boat is only limited by the ability of the 
surveyor to fix and plot his position quickly enough as the work proceeds. 

The distance between adjacent lines of sounding is normally made dependent 
on the scale of the survey. The usual practice in depths of 20 fathoms or less 
is to nm the lines ^ or J of an inch apart on the paper : on a scale of 1/6,250, 
^ of an inch represents about 100 ft., on a scale of 1/50,000 about 800 ft. This 
may be expressed by sa 5 dng that the degree of thoroughness with which an 
area is sounded is made contingent on the scale of the survey. 

In deeper water, e.g., over 20 fathoms, it is customary to open out the lines 
of sounding to, say, | or i in. apart, which will in most cases provide a 
sufficiently detailed examination, and this practice is sometimes followed in very 
shallow water where navigation will be confined to boats and no useful purpose 
will be served by any very exhaustive investigation. In depths of over 100 
fathoms, the principle of rimning lines of sounding is usually abandoned, as 
being neither justified by navigational requirements nor feasible without 
special apparatus and an unwarranted expenditure of time. Sufficient soimdings 
are taken in such depths at more or less regular intervals, e.g., so many cables 
or miles apart, to provide a general picture of that part of the sea bed and to 
ensure that no large irregularities exist. 

^e lengths of the lines of sounding, i.e., the distances to which they will be 
earned out from the shore in a coastal survey, are generally dictated by the 
in^ructions with which the surveyor is provided. Such instructions may 
define the hmits of the water area to be surveyed in pictorial form, by latitude 
and longitude, or by measurement from the coast; alternatively, the surveyor 
may be directed to extend the sounding to some definite depth, e.g., the 20- 
fathom contour. The lines of soimding will obviously be extended to these 
prescribed limits. In the absence of instructions, the limits of the soundings 
are usually determined by the purpose and scale of the survey and by the time 
avaUable. On large-scale plans the sounding will naturally be confined to a 
comparatively small area as the plotting sheet cannot cover more than this. In 
other types of survey it may be possible to extend the sounding to the 100- 
fathom line, a useful limiting contour, as this is about the greatest depth to 
which soundings can be taken with the navigational appliances normally 
available in ships. 

Off straight or only slightly sinuous, stretches of the coast the lines of sounding 
should in ordinary cases be at right angles to the general trend of the shore, 
and parallel to one another. A narrow ridge is best examined by lines at right 
angles to its longitudinal axis. Of! points on the coast where there is a marked 
change of direction, in deep bays and round off-lying islets radial lines of 
sounding are generally the most suitable. 
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Example;— 

Fig. 121 shows part of a coast running north and south as far as the point A 
and then turnmg north-eastwards : B is an off-lying islet. The lines of^und- 
mgs which should be run are shown as pecked lines; southward of A they 
east and west, but are " starred ” round B. They are again starred round 
A to turn roughly north-west and south-east beyond this point. The scheme of 
funding provides for a methodical and-systematic examination of the area this 
bemg the one essential condition of any system which may be adopted. ’ 



Although nmning lines at r^ht angles to the trend of the coast is the usual 
and ordinarily the most convenient method, it is uimecessary to adhere too rigidly 
to it. A chaimel, for instance, is often more easily sounded by miming the lines 
parallel to its aias, and there is no reason why it should not be done in this manner 

It will sometimes be possible to ascertain the least water over a bank by 
ruiming a line of soundings along instead of at right angles to its axis and 
casting the boat from one side to the other of the line of shoalest water as 
previously indicated by the lines of soimdings which have already been ran 
across the shoal. 

Particular care is necessary where an abrupt rise or fall of the sea bed occurs 
and the speed of the boat must be controlled so that sufficient fixes may be 
obtained to enable the position of such changes to be accurately determined. 

Interlming.—Lines of soundings, as in the example given, provide a record 
of the depths and enable contours of the sea bed to be drawn. Whether this 
density of sounding is sufficient to ensure that no dangers remain imdetected 
m any part of the work must be decided from the scale and nature of the survey 
pd from a rigorous examination of all, the soundings when they have been 
inked iii on the board. Where the bottom consists entirely of mud or sand, its 
slope will not, as a rale, be very great at any point and a shoal must therefore 
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occupy a considerable area in proportion to its height; it is unlikely that a 
shoal involving any great change in depth could lie wholly in the space between 
two adjacent lines and so remain undetected. In such cases lines of sounding 
normally spaced will generally fulfil all requirements. In this connection it 
may be noted that off-shore shoals of mud and sand usually have their longer 
axes parallel to the coastline, and, as consecutive soundings in a line are always 
much nearer to each other than the adjacent lines themselves, there is this 
additional reason for running the lines at right angles to the trend of coast. 
Where the bottom is known or suspected to be irregular, it is advisable, especially 
on gtnall scales, to increase the density of the sounding over the whole or part 
of the survey area by running “ inter lines ” between those normally spaced. 
By so doing, the chances of missing a shoal are, of course, much reduced. 

Where there is a shoal, it is imlikely that any line of soimdings will have 
passed directly over its shallowest part (by which the “ least water ” would have 
been obtained) but it is anticipated that the nearest line or lines will give some 
indication of its existence. Such indication will be a break in the continuity of 
the slope of the sea bed. If, for instance, a series of soundings (in fathoms and 
feet) was as follows :— 

8i, 8, 74, 74, 7,, 6i, 7,, 7j, 7, 7, 

it is clear that the sounding 6i represents a sharp and sudden change of slope, 
and its vicinity must be further examined. A similar indication of the shoal 
may be found in the adjacent lines of sounding and interlines should be run 
to determine its extent more accurately and to obtain the least water. Though 
a shoal is generally indicated by an unusually shallow sounding, it is also 
necessary to regard unexpectedly deep soundings with suspicion since they 
may mark the scour which is always to be found in tidal waters by the side of 
a rock or any other obstruction rising steeply from the bottom. 

Interlining is also advisable in important shipping channels and similar 
places where the depth of water is only just sufficient for safe navigation and 
small irregularities in the bottom might constitute dangers. 

Cross Lines. —Lines of sounding run at right angles to those of normal direction 
are frequently useful when examining shoals, particularly so off points of land 
where narrow tongues of shoal ground are likely to extend at right angles to the 
shore. Such shoals might be missed by radial lines of sounding starred on the 
point, and cross lines should find them and define their limits in the most 
satisfactory manner. 

Birnminntinna .—Where irregularities of depth are found to exist, or where, 
from the rocky nature or formation of the coast, they may be expected to 
occur, the smallest indication of a danger must be thoroughly examined. Oyer 
banks of s a nd or mud a few interlines run between the normal lines of sounding 
will probably suffice to define the limits of a shoal and show the least water 
on it, but over rocky ground numerous lines should be run as close together as 
possible, e.g., a few yards only apart. Except very close inshore, a close examina¬ 
tion such as this is generally a matter of some difficulty, and the most satis¬ 
factory way to go about it is as follows : 

Prepare a fresh field board for the work and mark on it the position of the 
shoal, as nearly as it is known. Anchor a small buoy with a flag at some con¬ 
venient distance, say, 100 yards shorewards from the shoal and, if possible, in 
line with some recognisable part of the coast, assuming this to be visible. Fix 
the buoy by sextant angles to the survey marks. Run lines of sounding 
radiating from the buoy; by bringing the buoy in fine with a succession of 
marks on the coast, straight lines can be run at very close intervals. It may 
be necessary to erect one or two artificial marks for the purpose, but there are 
usually a sufficient number of recognisable natural objects. The speed of the 
boat (if iKsing a hand lead) should be as slow as possible in order that the sound¬ 
ings on the lines may be closely spaced and a good look-out should be kept 
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over the side as the shoalest part may be visible in clear water and the lead 
can then be dropped on it. Fixing can usually be effected with sufficient 
accuracy by a bearing and range-finder distance of the buoy. It will usually 
be impo^ible to ink in more than a small portion of the soundings owing to 
the conti^ity of the lines, but, provided a characteristic selection including the 
shoalest is recorded, this does not matter. 

On small scales thorough examinations are hardly possible, and It is often 
necessary to make a large-scale plot in order to show the work clearly. Assum¬ 
ing that a buoy is anchored near the shoal, the fixes and soundings may be 
plotted on a scale of, say, 1 in. to 100 yds. by bearing and distance from the 
buoy, and the more important soundings can be afterwards re-plotted on the 
scale of the survey. 

When the bottom is very irregular, even the closest sounding cannot always 
be relied on to reveal the least water on a shoal; in such cases the surveyor 
must resort to sweeping over the ground. (See p. 242 et seq.) 

Leading and Clearing Lines. —No aids to coastal navigation are more useful 
than leading and clearing lines, and the surveyor should be* constantly on the 
look-out to recognise any that may be of value. Before placing them on the 
chart and recommending them for use, such lines should be carefully soimded 
or swept over; this is especially important in the case of incomplete surveys. 
The most essential requirement for leading and clearing marks is that they 
should te easily recognised by a stranger and the seaman will often be much 
assisted if views of them and adjacent coastal features are prepared for inclusion 
in the appropriate publications. Such views should show the appearance of 
the marks from the point where they will first become useful. The two marks 
which indicate the leading or clearing line should be well separated so that the 
transit is very sensitive, i.e., a slight divergence from the line will then be 
immediately apparent. Nevertheless, very distant or high back marks should 
be avoided, as they may often be obscured in haze or cloud. 

Ship and Boat Sounding. —^The modus operandi of ship and boat sounding 
must vary slightly in differing conditions and with different types of sounding 
apparatus, e.g., the hand lead, steam or motor sounding machine, or echo 
sounding gear with or without an automatic recorder. 

The area to be sounded is usually divided between the ship and the boats 
in such a manner that the work of each will be approximately equalised in time. 
The ship is naturally restricted to areas in which she can safely navigate and, 
in general, she is most usefully employed in the deeper and more exposed 
portions of the survey where boats may often be prevented from working by 
the weather and, with their low height of eye, may be unable to see the survey 
marks. On large-scale work, however, most, if not all, the sounding may have 
to be done by the boats, for it is probable that space will not permit the 
ship being manoeuvred on the lines of sounding and, with mechanical sounding 
gear, at My rate, plottable errors (not easily allowed for) would be introduced 
by the distance between the bridge and the lead. 

For example, suppose it is required to survey ari area such as that shown 
in Fig. 122, and that the sounding is to be done by a boat using the 
hand lead. 

Three of the fixed points in the survey. Mug, Spire and Tall, are shown in 
the figure, and in the particular portion of the area under consideration angles 
to these marks will provide a good fix for the boat. The pecked lines a, b, c and 
d are drawn (in pencil) on the board, and it is proposed to start the work by 
running these. To sound out an area in a methodical manner, it is necessary 
as has already been explained, to run a series of straight evenly-spaced lines. 
In practice it is impossible to make good an absolutely straight course for any 
length of time, and the surveyor must follow the lines he had drawn on the 
field board as nearly as he can by fixing himself and plotting his position at 
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freqilent intervals and, when he finds himself off the line, by making small 
alterations of course which will bring him back to it. 



Suppose, now, the boat is approaching from the westward to the point 
marked “ 1 ” on line " a.” The position of the boat is ascertained at short 
intervals by means of simultaneous sextant angles to the shore marks, and the 
speed of the boat is adjusted to suit the scale and nature of the survey. In 
shallow water, soundings can be obtained fairly rapidly with the hand lead, and 
it may be possible to maintain a speed of 6 or 7 knots. In deeper water speed 
must be reduced as the rate of sounding is slower and the leadsman cannot 
obtain an up-and-down cast at high speeds. On large scales the speed niust 
always be more moderate than on small scales, as more soimdings are required 
over any given distance and the space-interval between fixes must be corre¬ 
spondingly less. „ „ ■ 

Having arrived at a position as nearly as possible on line “ a ” at its outer 
end, the boat is set on a course which it is anticipated wiU make good the direc¬ 
tion of the pencilled line, an estimated allowance being made for wind and 
current. Sounding is then commenced, and simultaneously the first fix is 
observed and plotted. After a given number of soundings—usually five or 
so (but, for convenience when inking in the day’s work, preferably an odd num¬ 
ber)—^have been obtained, fix 2 is observed and plotted. This procedure is 
continued along the line. Referring to the diagram, it will be seen that fixes 
1 and 2 plot practically on the line, but that at fix 3 the boat has been set pff 
a little to starboard, either by a change in the wind or current or by bad steering. 
So at that point course is altered a few degrees to port. Fix 4 shows that this 
was not quite sufficient to bring the boat back to the line, and a further small 
alteration is made, and at fix 5 the boat is back on the line. The boat then 
turns onto line “ b ” and a similar procedure is continued. Sometimes she may 
be set so far off the line that a gap is left much in excess of the normal spacing 
between the lines of sounding ; in such cases that part of the line must be re-run 
or the gap must be filled with another line of soundings, as shown at fixes 
17 to 19, so that the principle of covering the ground methodically is preserved. 
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The sounding book must contain a record of the angles observed and objects 
used at each fix, the soundings, the nature of the bottom and, when they have 
been calculated, the tidal reductions. The usual method of recording this 
mformation is as follows : 


1. 

2. 

3. 

4. 

1 

VII. 21 

Mug 43° 20' Spire 55“ 42' Tall . 

11/4 



11/- 10/5 10/4 10/2 10/- 
M 

S 

2 

VII. 24 

„ 52“ 13' 63“ 01' ., . 

9/3 



etc. etc. 



Column 1 shows the number of the fix, column 2 the times, colunrn 3 the 
objects and angles of the fix, underneath which are written the soundings 
between that fix and the next, and column 4 the soimding obtained at the fix. 
Soundings are usually written as 11/4, 10/5, etc., indicating 11 fathoms 4 ft., 
10 fathoms 6 ft., and so on. To distinguish those taken in the port and 
starboard chains, the latter may be underlined; this precaution is necessary 
in case differmt errors are found in the lengths of the lead lines. The nature of 
the bottom is recorded by the symbols normally used on charts under the 
sounding at which it is obtained. 

Inking in the Soundings.—On completion of each day’s work the soundings 
should be inked in on the fair tracings ; this may be done either by inUn g in 
the fixes on the Iward together with their numbers and the lines joining them, 
and then inking in the soimdings on the relevant tracing superimposed on the 
board ; or by tracing the fixes in pencil on the tracing and then removing the 
tracmg from the board for inking in. The latter method will be a little more 
laborious but may prove worth while when the area sounded is in an inconvenient 
position on the board. Soundings must first be corrected for the height of the 
tide to reduce them to a common datum. Tidal observations are always madp 
during the periods of sounding and provide the necessary data for the reduction. 
To take the example iUustrated in Fig. 122, suppose the tidal reduction at the 
times of fixes 1 and 2 is 15 feet. The series of soundings at present reads 11/4 
11/—, 10/5, 10/4, 10/2, 10/—, 9/3 : when reduced for the tidal correction, the 
series will read 9/1, 8/3, 8/2, 8 / 1 , 7/5, 7/3, 7. The reduced soundings 9i and 7 
at the two fixes are first inked in and then a convenient number of soundings 
between them. In this example three soundings may be legibly written between 
the fixes and the ones selected should be the centre sounding 8 i and the mpanc 
of the two soundings on either side of it. The two before it are 8 , and 8 ,: 
M soundings are only required on the chart to the nearest foot, the shoaler, 
t.e., 8 ,, should be selected. The two after the middle are 7( and 7,; therefore 
74 should be inked in. On the tracing, then, the series will appear as 9i 8,8174 7, 
the first and last appearing at fixes 1 and 2 respectively, and the intermediate 
ones on the line joining these two positions. In this case it will be noted that 
the slope of the bottom is practically even, but, if it is irregular, the surveyor 
must exercise his judgment and select such soundings as will best pnirtrav the 
character of the irregularities. If, for instance, the series between two^fixes 
was 9} 8 * 9i 9 8 #, and that three of these can be inked in, it is clear that the 
shoal soimding 8 , must not be omitted, and the series will be recorded on the 
tracing as 8 , 9i 85 . 

Owing to small delays in fixing, and other causes, soundings in lines run 
towards the shore frequently appear to be slightly deeper than those in lines 
run outwards from it. If this is found to occur consistently, the fathom 
contour lines, when being inserted after the soundings are inked in, should be 
dra.wn as a smooth line to accord with nature, rather than zig-zagging in 
strict agreement with the inked-in soundings. 
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Fig. 123 shows lines of sounding as they appear on a modem original survey • 
It will be seen that in general they mn at right angles to the fathom lines. The 
whole water area has been methodically sounded over and interlines have been 
mn to examine more closely the irre^arities and shoals eastward of Cuban 
Island and Ras Istahi. 

Man^ement of Ship and Boats for Sounding. —Except in minor details there 
is no difference in the methods employed for ship and boat sounding. The 
higher speed of the ship permits a given area to be sounded in less time than is 
taken by a boat and the whole operation is in general rather easier ; the extra 
height of eye and the steadiness of the bridge as a platform for the observers 
are a great advantage. On the other hand, the ship is not so quickly and easily 
manoeuvred as a boat, so that errors of position take longer to correct, and more 
sea room is required. Nothing is gained by attempting to sound with the ship in 
too close proximity to shoals and dangers ; such work should be left to the boats. 

The complement of a boat for sounding should include two observers for 
t^ing the simultaneous sextant angles which are required for a fix. The 
division of the work is usually as follows: One observer is in charge of the 
boat, takes one of the angles and plots the fixes ; the other observer takes the 
second angle and writes down all information in the sounding book. Whenever 
these duties do not wholly occupy them, both observers should keep a look-out 
on the echo reader or leadsmen to detect errors in the calling of soundings, and 
on the surrounding sea to note any signs of shoal water. This visual examina¬ 
tion is a most important p^t of the surveyor’s work, for it is a fact that as 
m^any dangers have been discovered by surface indications, such as tide-rips, 
Mdies and weed, as by the soundings themselves. The even spacing of the 
lines of soimding ensures that a comprehensive visual examination of the whole 
area can be made. 

On small scales sounding is usually a fairly simple operation, as small errors 
of position are hardly apparent and can in any case easily be corrected. On 
large scales, however, it is often a matter of great difficulty to make good a 
course with the degree of accuracy required to avoid leaving gaps in the work. 
The speed of the boat must be slow, and she is consequently more affected by 
wind and variations of current, and the time-interval between successive fixes 
is much less. Under these conditions good results can only be obtained after 
long practice and by the exercise of um-emitting care on the part of the 
surveyor. 

Transits .—^The difficulty of making good a straight course whilst sounding is 
greatly lessened if use can be made of transits. In hydrographic parlance the 
word transit' describes the relative position of two objects when they 
apj^ar in fine with one another, and it is obvious that, if the alignment is 
maintained as the ship or boat runs along a line of soundings, the course made 
gTOd will be a straight hne. When a course can be set only by compass, any 
divergence from the line which it is required to run will only be apparent when 
the fix has been plotted; but, if a coxswain can pick out two objects on shore 
on the extension of the line, e.g., a rock near high-water mark in line with a 
tree in the background, he has only to maintain the transit and the boat must 
make good a course directly towards or away from the objects. Any divergence 
from the line will be immediately as the objects will no longer be in 

transit and the error can be rectified far more quickly than is possible, when 
its discovery has to await the plotting of a fix. The efficiency of the sounding 
work is greatly increased when transits are available and are projjerly used, 
and every effort should be made to instruct those in charge of boats in the 
principle involved. A practised coxswain should not only be able to steer 
along a transit, but under good conditions should be able to pick out suitable 
transits for himself on successive lines of soundings. A very distant back object 
is particularly useful, as when used with different front objects it may be 
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employed for a large number of lines which will be sensibly paraUel or nearly 
enough so to fulfil the principle of covering the ground systematically. 

Natural objects of various descriptions must generally be used as transits, 
but it wiU occasionally pay to erect temporary artificial marks for this purpose 
when working on large scales in waters where tidal streams are strong and 
variable. Running a transit towards two objects presents little dimculty and 
the use of the compass may be entirely dispensed with, but in running a stem 
transit, i.e., away from the objects, the coxswain should steer by comp^, 
glancing back frequently and correcting his course a few degrees w^henever the 
toat is off the transit. If the coxswain watches the transit contmuously, he 
cannot appreciate the direction of the boat’s head and may correct errors by 
over-violent alterations of course. In ship sounding it is usually impo^i^ 
for the quartermaster to see the transit marks ; they must therefore be watched 
by the officer in charge, and kept in line by altering the compass course as 


Fixing 

As the ship or boat runs along a line of soundings, she must ^ fixed at 
regular intervals in order that the soundings may be plotted m their coir^t 
positions. Fixing is carried out by observing the angles betw^n three objects by 
sextant, use being made of the fact that the angle subtended by the chord m a 
circle is the same at all points on the circumference in each segment, ine 
measurement of an angle between two fixed points defines the ob^^er s 
position as being on the circumference of a certain circle passmg through those 
^ints: a second angle measured from the same spot between one of the^ 
two points and a third provides another “ circle of position. So long ^ the 
two circles do not coincide, the intersection of their circumferences completely 
defines the observer’s position. 
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with the points A, B, and C. The intersection of the legs will then be the 
required position X. 

The above method of fixing is only valid when the objects, to which the 
angles are measured, are suitably disposed. A circle through the three points, 
A, B and C, can always be described, and the observer’s position cannot be 
completely defined if it hes on, or close to, the circumference of this circle. 

Fig. 126 illustrates a thoroughly bad fix, with A, B and C most unsuitably 
disposed for the purpose of fixing at X. The circles of position through A and B 
and through B and C, corresponding to the angles o and /9, are nearly coincident 
(the third circle AXC is not shown but clearly almost coincides with the other 
two) ; the cut made by their circumferences at X is very ill-conditioned and any 
small error in measuring a or )3 will result in a large displacement of X. It is 
clear that X lies very close to the circumference of a circle drawn throueh 
A, B and C. ® 



An experienced surveyor visualises almost automaticaUy the locus of a circle 
passing through any three points plotted on a field board and sees at once 
whether his position is too near its circumference to enable them to be used. 
The beginner may find some difl&culty in selecting the most suitable objects of 
those available but will find the following rules useful: 

(1) The sum of the two angles of the fix should not be less than about 50°. 

(2) The centre object of the fix should be the closest. 

(3) When the three objects are nearly in a straight line, the angle between 

any two should not be less than 30°. 

(4) When the observer is inside the triangle formed by the three objects, 

the fix is always good. 

The size of the individual angles admissible in a good fix depends on the 
relative positions of the three objects. If two of them are equidistant from the 
observer, the angle between them must not be very small, since any error of 
observation will make a great difference in the position of the plotted fix. If, 
however, one object is much farther off than the other, a very small angle will 
suffice provided rule (1) is observed. 

If the short portions of the arcs of the three circles passing through the fix 
are drawn (this can be done quite simply with the station pointer), the pattern 
of the intersection can be seen, and the soimdness, or otherwise, of the fix is at 
once apparent; a simpler test is the purely mechanical one of noting the ease 
or difficulty with which the legs of the station pointer can be made to coincide 
with the three marks. With a bad fix it is very difficult to obtain perfect 
coincidence. 

The angles required for fixing are the true horizontal angles at the eye level 
of the observer. Normally, only marks situated near high water level will be 
used for sounding, but occasionally it is necessary to include in the fix a mark 
situated at an appreciable elevation. The correction required to convert 
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observed angles to true horizontal angles is explained in Chap. XVII, page 395, 
and the correction itself is given in Table XIX. However, as it is impracticable 
to correct sextant angles during the preoccupation of soimding, should it be 
necessary to make use of an elevated object, angles to it should be observ d to a 
point at water level vertically below the mark, instead of to the mark itself. 

Fixed Angle Sounding.—^This method consists of sounding along the arcs of 
circles subtended by two marks. For each arc one angle remains constant and, 
by var 5 dng this angle successively by equal amounts, a series of lines covering 
the area systematically may be run. These angles are the " fixed angles ” 
for each line. A second angle between another pair of marks will define the 
position of the boat along the arcs. (Note it is not necessary for one central 
mark to be common to both angles of the fix.) 

The selection of suitable marks is governed by two factors. 

(а) The direction in which it is desired that the sounding lines should cross 
the area. (This choice may !:« limited by the position of the marks available.) 

(б) The distance of the area from the marks. They should, if possible, 
close to the area so that any wandering of the boat off the selected arc will 
produce a well-defined change in the fixed angle. Such a change will be greater, 
relative to the movement of the boat, when the angle is large. 

Fig. 126 shows four sounding marks with arcs subtended by suitable pairs, 
crossing an area to be sounded. 



- Arcs subtended by AB 

. « *• •• BC 

. .. Fig. 126 

. .. 

Fig. 127 shows the method of constructing the arcs, along which it is desired 
to sound, on the board. A and B are the selected marks. The perpendicular 
bisector of the line joining them is first drawn, since this is the locus of the 
centres of all circles passing through A and B. Rough subtended angles of the 
limiting arcs (those neeirest and farthest from AB) are measured by station 
pointer, and found to be, say, 96° and 68° ; on the scale of the survey six lines 
of sounding will suffice for a first covering of the area, accordingly arcs at 6° 
intervals are drawn, with their centres Ijring on the bisector, at a distance of 
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scot 0 from the mid-point of AB, where 0 is the subtended 
s = |AB. 


angle and 


When sounding in the boat, the officer in charge sets the angle of the arc 
selected as the first line on his sextant and, watching the angle continually, 
cons the boat onto, and then along, the line. There is no difficulty in keeping 
on the line since any digression from it is at once apparent; frequent altera¬ 
tions of course are necessary but, usually, only by small amounts at a time. 
When one line is completed the “ fixed angle ” for the next is set on the sextant 
and the process repeated. 

The assistant observes the angle between the other pair of marks as necessary 
for fixing the boat along the line, but since the officer in charge knows con¬ 
tinually whether the boat is on the line or not, plotting may be deferred, if 
desired, until the line has been completed. Limiting angles, previously taken 
from the board, will enable the assistant to report when the end of a line is 
reached. 


9A 







95* 


Fig. 127 


Any interlines required may be readily interpolated; e.g. in Fig. 127 four 
interlines at 81°, 82°, 83° and M° could be run between the arcs for 80° and 86°. 

The method is generally suitable for the examination of small areas or for 
locating a pinnacle rock. In the example illustrated in Fig. 127, soundings 
could not be shown clearly at closer “ fixed angle ” intervals than 1°, whereas 
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it might well be possible, in good weather, to run accurate lines at 5' intervals. 
If Fig. 127 is at a scale of 1 : 50,000 such lines would be about 20 ft. apart. If 
no shoaling was foimd using the arcs shown, lines could be run along the arcs 
subtended by another pair of marks, chosen to give arcs crossing the lines already 
run, at a wide angle. A pinnacle, if it exists, could hardly escape detection if 
searched for thus, a second time. 

The principal disadvantages of the method are that the choice of direction 
of the lines is limited by the positions of the sounding marks, that the soimding 
board takes a little longer to prepare than for normal methods, and that, after 
a time, “ fixed angle ” sounding becomes rather tiring to the officer who is 
watching the fixed angle. Against the last may be set the advantage that the 
lines are accurately run and there is no worry that the boat may be straying 
from the line during the interval between fixes since any deviation is instantly 
apparent. 

The lines converge as they approach either of the two marks used. This 
convergence may be minimised by selecting the marks so that the sounding 
area lies near the perpendicular bisector. It may, however, be of value where 
it is necessary to increase the sounding density close inshore and can be utihsed, 
in such a case, by choosing one of the marks so that it lies close to the area to 
be sounded. 

Instruments for Fixing 

Sextant. —^The general principles of the sextant are too well known to require 
description here. An ordinary observing sextant may be used when sounding, 
but it is not entirely satisfactory for use with terrestrial objects which are often 
distant and difficult to see. A more suitable type of instrument is that illus¬ 
trated in Plate I. 

This plate shows a modern type of sounding sextant of 6 ins. radius. The 
graduations are engraved on a brass arc. The index arm carries a worm shaft 
which engages in teeth on the arc and a micrometer head, showing minutes of 
arc, is provided for quick reading. The worm is released from the teeth, when 
rapid movement of the index arm is required, by squeezing the two clips which 
extend beyond the arm. Both mirrors are silvered all over and are mounted in 
circular holders which are completely damp proof so that re-silvering should 
hardly ever be necessary. The telescope is of about 5x magnification with a 
large object glass and field of view. 

The errors and adjustments of the sextant are fully described in other pub¬ 
lications, but in the case of this instrument the following are important points:— 

(1) The index glass holder is rigidly attached to the arm so that no adjust¬ 

ment for perpendicularity can be made. It is the maker’s business to 
see that this adjustment is correct. 

(2) No cross-wires are fitted in the telescope and the usual method of testing 

for collimation error cannot therefore be used ; the following method 
is recommended:— 

Set an angle of about 130° on the arc and, looking at the sea horizon, bring 
the reflected part of the horizon into coincidence with the direct image. The 
reflected image should be in perfect alignment with the direct image; if it is 
tilted there is coUimation error which is probably due to bending of the collar 
carrying the telescope. No adjustment is provided, but the collar can usually 
be tapped lightly with a hammer until it is back at its proper angle to the 
frame of the instrument. 

Station Pointer. —^To plot the fixes whilst sounding, the angles are set on a 
station pointer. A description and illustrations of this instrument will be found 
in most works on navigation, and it is unnecessary to describe it again here. 
The most useful sizes of station pointer for surveying purposes are those with 
arcs of 6 ins. and 8 ins. diameter, divided on brass and fitted with a vernier by 
which angles can be set to an accuracy of 1' of arc. A larger station pointer 
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with an arc of 12 ins. diameter is also useful occasionally when stations are 
beyond the radius of the legs of the smaller instruments ; it is, however, too 
cumbersome and heavy for use in a boat. When stations are very close (as 
measured on the paper) to the observer, they are liable to be hidden by parts 
of the brass station pointer which cannot, in consequence, be correctly placed 
on the board, and in these circumstances use may be made of Gust’s station 
pointer. This consists of a square or rectangular sheet of transparent xylonite 
engraved with a circle graduated in degrees and half degrees (in whole degrees 
only in the smaller types). At the centre of the circle is a hole large enough to 
take the point of a sharpened pencil. The observed angles are placed on it by 
drawing pencil lines on its under side which has a specially prepared surface ; 
it is then inverted when placed on the board so that parallax is eliminated. It 
should be noted that, in view of this inversion of the instrument, the angles 
must be reversed, left for right and right for left, when they are protracted. 

Station pointers should be tested periodically on a board on which a series 
of angles have been carefully protracted by means of chords. A diagram for 
this purpose, published by the Hydrographic Department, Admiralty, is also 
available. The readings of the station pointer should not be in error by more 
than 2' of arc on any setting, adjustments being effected by slacking off the 
screws holding the verniers and moving them if necessary. The legs of station 
pointers are easily bent by careless handling and their straightness should 
be carefully verified on the testing board at the same time as the accuracy of 
the readings is checked. 


Sounding Gear 

Lead Lines. 

Sounding with the hand lead, although practically superseded by Echo 
Soimding, is stiU required for checking the latter and for obtaining the nature of 
the bottom. The soundings on Admiralty charts are given to the nearest foot up 
to depths of 11 fathoms. As sounding may be carried on daring the whole 
period of the tidal movement from high to low water, lead lines must be marked 
with foot marks up to 11 fathoms plus the maximum rise of the tide; e.g., if 
spring rise is 21 ft., foot marks must extend to IdJ fathoms. Beyond this, 
marks at every J fathom will suffice. For use in boats, lead lines about 16 
fathoms long are as much as a leadsman can conveniently manage; in any case, 
he can hardly obtain deeper soundings unless the boat is stopped for each cast. 

In past years a great deal of trouble was experienced with the stretching 
and consequent inaccuracy of rope lead lines which had to be frequently 
re-marked, but this difficulty can be almost completely overcome by inserting 
a wire heart in the rope. The materials used for making up lead lines are IJ-in. 
hemp rope and galvanised wire (about | in. diameter) similar to that used on 
a Kelvin sounding machine. When making up a lead line, the rope should 
be well stretched, e.g., by towing it over the stem, before the wire is worked 
into its centre. Lead lines made in this manner do not stretch more than 
about 2 per cent. They should be checked daily on return to the ship and, if 
the error exceeds that amount, should be re-marked correctly. 

The uniform system of marking lead lines is shown on Plate J. 

Somerville Sounding Gear. 

Ship sounding in these days is almost entirely done with Echo Sounding 
apparatus, but, in the absence of this, it may be necessary to rig some kind of 
mechanical sounding gear, the hand lead being too slow a method to be of 
much value. A suitable lay-out, originally suggested by Admiral B. T. Somer¬ 
ville, is shown in Fig. 128. 

This gear consists of two main pirts ; 

(1) A fore-and-after wire (1" F.S.W.) passing from a winch aft through a 
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convenient leading block, t.g., in the main rigging, to another block on 
the lower boom and thence to the lead which should weigh about 
2 cwt. 

(2) A depth line {Y F.S.W.), marked in fathoms and feet in the normal 
manner, attached to the lead and passing through a block on a small 
davit or spar near the sounding platform and then led over the quarter 
to a coimterpoise weight of about 60 lb. 

The winch should have some type of friction gear and some means of enabling 
it to be reversed quickly from the heave-in to the veer positions, and vice versa. 
The method of using the gear is as follows : 

The lead is hove close up to the boom and, when the ship reaches the begin¬ 
ning of the line the winch lever is put to the veer position. The lead then falls 



to the bottom and draws aft. At the same time the slack of the depth line is 
taken up by the counterpoise. As the lead comes abreast the sounding platform 
an observer there reads off the sounding on the depth line which should then 
be in a vertical position. As soon as the sounding has been called, the winch 
lever is put to heave-m and the lead hauled up to the boom again, when the 
process is repeated. 

The speed of the ship should not be more than about 7 knots; otherwise 
the wash of water is liable to disturb the verticality of the depth line at the 
moment the sounding is registered. As the water deepens, speed must be 
reduced below this figure to give the lead time to rfeach the bottom. In shallow 
water, say, up to 10 fathoms, soimdings can be obtained at intervals of 10 to 
16 seconds as it is unnecessary to heave the lead right forward to the boom 
between each sounding. The maximum depth in which the Somerville gear 
can be conveniently used is about 60 fathoms. 

In twin-screw ships there is some danger of the depth line or fore-and-after 
wire fouling the near-side propeller when sounding in a tide-way. Under these 
conditions it is best to nm with the off-side propeller only in action and to have 
the gear rigged in duplicate, so that port or starboard side can be used as 
convenient. If the lines of sounding run athwart a strong tidal stream, the 
sounding gear should always be used on that side of the ship to which she is 
being set. If the reverse practice is followed, the ship will be set some distance 
away from the lead during the interval between the time it reaches the bottom 
and the time it comes abreast the soimding platform, the depth line will grow 
out at a wide angle and the soundings consequently be erroneous. If, 
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however, the rule given above is obeyed, the ship is set towards the lead, but 
as it has been dropped from the end of the boom, a position well out from the 
ship’s side, it is not likely to get appreciably inside the soundmg platform, t.e., 
under the ship, when it draws aft. 

Sounding Machines. 

The ordinary types of mechanical sounding gear are limited to use in depths 
of about 50 fathoiris and under. In deeper water special machines are required 
and Plate K shows the Lucas Deep-Sea Sounding machine, which can be used 
to obtain the greatest depths of the ocean. 

The nomenclature of the various parts of this machine are ; 

A Reel or Drum. H Measuring wheel. 

B Brake. J Indicator. 

C Brake Lever. K Stop. 

D. Springs. L Wire-guiding Rollers. 

E Regulating Screw. M Handle for traversing Rollers. 

F Hand Wheel. N Bolt. 

G Swivelling Frame. O Screw Qamp. 

The machine should be bolted down on the fxle where it can be seen froin the 
bridge and in such a position that the wire wUl hang well clear of the ship s 
side The drum holds rather more than 6,000 fathoms of 20i-gauge wire which 
is led outboard from its under side and over the measurmg wheel. A complete 
turn should be taken round the latter to make certam that the we does not 
render round it. The brake B is automatic and its action on the druin can be 
regulated bv the handwheel F. When the weight of the lead is hanging from 
the measuring wheel, the frame G is pulled down through a small angle agamst 
the action of the springs D. This releases the brake and, assummg the clamp 
0 is off, the wire will run out until the lead reaches the bottom. As soon as 
this happens, the weight of the lead no longer acts on the measuring wheel and 
the frame G lifts, thereby putting on the brake and stopping the drum A 
handle can be shipped on the drum for heaving in the first few fathoms and the 
remainder is wound in by passing a swifter from a winch or motor to a wh^l 
attached to the drum. In more modem types an engine is mcorprated with 
the machine. Guiding roUers L are fitted to enable the we to be wound on 
evenly ; when running out, they can be raised out of the way. 

Two smaller patterns of the Lucas machme are also used, one holding about 
1 000 fathoms of wire and worked entirely by hand, and a boat s machme 
holding about 400 fathoms. In the latter a hand wheel is not fitted, the speed 
being controlled by the screw clamp as the wire runs out. 

Sounding Wire. 

The wire used tor deep-sea soundings is of galvanised steel, 2qi-gauge. 
When new it has a breaking strain of about 240 lb., but, if kmked, it breaks 
verv easily and great care must be taken to prevent this happenmg. Though 
galvanised the wire soon rusts after a little use and then loses much of its 
strength. It is hardly practicable to grease it properly after every sounding if 
a continuous series is being made, but if the machine is gomg to be out of use 
for some time the wire should be run through a piece of well-greased c^vas 
when being wound in after the final sounding, and the outer turns on the dmm 
should be liberaUy greased. Even so, it will usually be found advisable after 
long periods of disuse to run off and destroy the first 60 fathoms or so. Sphces 
may be found in the wire at intervals of 5,000 fathoms or m. As these 
approach the measuring wheel, the speed of the drutn should be reduced to 
dead slow to minimise the danger of a break occurring. AJ^ew fathoms of 
hemp stray line should be interposed between the lead and the outer end of 
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the wire, and the junction of the wire and hemp should be wrapped round with 
about 2^ lb. of sheet lead ; this prevents kinking of the wire when the lead 
strikes the bottom. 

Deep-Sea Souhding with Wire. 

(а) In Boats. —Soundings with a boat’s machine may be taken in depths up 
to about 400 fathoms. An ordinary boat’s lead (14 lb.), bent straight on to the 
wire, is sufifidently heavy for use up to 100 fathoms or so; in deeper water 
the work is expedited if a second lead is added. The machine is usually bolted 
down on the boat’s quarter and the wire should be rove with a complete tium 
round the measuring sheave to obviate any possibility of rendering whilst 
running out. 

Whilst sounding, the boat must be hove to and manoeuvred as necessciry to 
keep the wire up and down. The latter should not be allowed to run out at 
more than about 100 fathoms a minute, or there will be a danger of over¬ 
running when the lead strikes the bottom : the sj^ed can be adjusted by operat¬ 
ing the screw clamp. As soon as the sounding is obtained and the lead is off 
the bottom, the boat can proceed ahead towards the next sounding position 
whilst the wire is being wound in. In choppy weather care must be taken to 
prevent the wire jumping off the drum, and a stopper should be kept ready for 
attaching to the wire so that the weight of the lead can be taken whilst a foul is 
being cleared. Over an imeven bottom, and in rough weather, it is almost 
inevitable that the wire will part occasionally so a good supply of spare leads 
should be kept in the boat. 

(б) In the Ship. —In depths up to 200 or 300 fathoms a boat’s machine or a 
1,000-fathom machine bolted down in any convenient position can be used, 
and the procedure is similar to that in a boat. Before going ahead, however, 
after sounding, care must be taken that the wire will not foul the ship’s side 
or propellers. 

In deeper water the large Lucas sounding machine should be used. In 1,000 
fathoms or less a lead weighing about 28 lb. fitted with a flap valve in its base, 
for obtaining a bottom specimen, may be employed. In greater depths the 
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Fig. 129 

friction of the water on the wire as it runs out makes a heavier lead necessary 
if a sounding is to be obtained expeditiously, and with a sinker as light as 
28 lb. it woiffd be difficult, if not impossible, to " feel ” the bottom, partly 
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owing to the friction of the water on the wire and partly owing to the weight 
of the wire itself (about 15 lb. per 1,000 fathoms). However, it is undesirable 
to have to heave up a very heavy lead, and for this reason use is made of a 
" BailUe ” sinker or Driver rod, the general design of which is shown in Fig. 129. 

A is a galvanised iron tube ; its lower part, which can be unscrewed, contains 1 ' 

a flap valve for retaining a bottom specimen. The upper end of the tube is fitted I' 

with brass shoulder pieces E between which a squared plunger rod passes. The '' 

lower end of this rod carries a cross-piece which can travel up and down in slots 1^ 

in the sides of the tube. Conical and cylindrical weights B are hung round the |! 

tube by means of a wire or cod-line sling rove through holes in a loose annular ' 

plate D and passed over a small lug C on the plunger rod. The outer end of the 
hemp stray line, attached to the end of the sounding wire, is bent to the shackle 
at the top of the plimger rod. 

When the tube strikes the bottom, the weights pull the plunger rod down 
and, as the lug C passes between the brass shoulders E the sling is tripped and 
the weights, ring and sling are disengaged and left on the bottom. 

In depths from 1,000 to about 2,500 fathoms, two conical weights, which 
with the rod aggregate about 601b., should suffice. From 2,500 to 4,000 
fathoms, another 25 lb. should be added, and over 4,000 fathoms add 50 lb. 

The procedure for taking a deep sounding is as follows : I 

Heave the ship to with the wind slightly on that bow to which the sounding il 

machine is secured. This will ensure that, if she falls off the wind whilst the 
soimding is being taken, the wire will not grow under the ship. Turn the wire- ■' 

guiding rollers up clear of the wire. Screw up the hand wheel and lower the ’ 

lead over the side by hand, being careful to avoid jerking the wire. Set the 
dial for the amount of stray line below the water. Release the screw clamp I 

and ease back the hand wheel slowly until the wire starts to run out. Let its 
speed increase until it runs at about 100 to 150 fathoms a minute, adjusting '' 

the hand wheel as necessary. When over 1,500 fathoms have run off, reduce 
the speed gradually to not more than 100 fathoms a minute, and in great depths, • 

e.g., over 3,000 fathoms, reduce it to about 50 fathoms a minute. As the wire |i 

runs out it must be carefully watched. The impact of the lead on the bottom ' 

will be indicated by a sudden pause or slacking in the speed of the drum ; as ;; 

soon as this occurs screw up the clamp and read the dial. Ship a handle and 
wind in a few fathoms by hand to get the lead clear of the bottom as quickly ; 

as possible. After easing off the hand wheel and putting the guide rollers in !! 

position, the deck engine or motor can be connected and the lead hove up. As 
the wire comes in, work the guide rollers backwards and forwards to ensure 
even winding. 

In depths up to 1,500 fathoms or so the machine will usually stop dead when 
the bottom is struck, but in deeper water the brake is not fully automatic and 
the moment of impact can only be detected by carefully watching the machine 
and wire. With a soft bottom the weights may not always be slipjied, but, if 
a few fathoms are hove in by hand, their presence cannot escape notice and 
they CM usually be detached by letting go again. If by some mischance 
the weights cannot be got rid of, the wire must be hove m very slowly and 
carefully. When using weights of 50 lb. or less, one brake sp ring can usually be 
unhooked, but this will depend somewhat on the condition of the brake band. 

Whilst the lead is going down, every effort should be made to keep the wire 
vertical by manoeuvring the ship with the engines. Besides the necessity of 
coimteracting leeway, it will often be found that there are surface currents 
which affect the ship but do not influence the lead after it has gone down a little 
way. In such cases the ship may have to steam all the time up to the lead if 
the wire is to remain vertical. However mmch care is taken, the wire is liable 
to grow out at an angle sometimes, especially in bad weather. When this 
happens, a fairly accurate value of the angle can be foimd by holding a pro¬ 
tractor close to the wire with its longer e<%e parallel to the horizon, and the 
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sounding can be corrected for the “ slope,” but too much reliance should not 
be placed on the accuracy of such soun^ngs as the direction of the wire helow 
the sea surface is always, to some extent, uncertain. 

Use of Somerville Sounding Winch for Deep-Sea Sounding. 

Sounding with the Lucas machine is rather a slow process, especially if no 
direct form of drive is fitted, and more expeditious results have been obtained 
in depths up Jo 2,000 fathoms by making use of the steam sounding winch 
which is normally employed with the Somerville sounding gear. Five thousand 
fathoms of the ordinary 20-5 gauge wire are wound on one of the winch drums 
and led through blocks in the main rigging and on the lower boom. It is also 
led over a measuring sheave fitted in some convenient position near the winch. 
The “ lead ” consists of a 36-lb. pear-shaped lead sinker, with the lower portion 
of a Baillie rod embedded in it, or some other device, to enable a bottom 
sample to be obtained. A winding-on guide, similar to that on the Lucas 
machine, should be fitted to the base of the sounding winch, just before the 
drum. A wire jackstay is fitted on the lower boom so that the leading block 
can be hauled in and out and bottom samples removed from the lead. A few 
fathoms of hemp stray line should be interposed between the end of the wire 
and the lead. 

To obtain a sounding with this gear, the drum should be clutched to the 
winch and as soon as the ship is stopped the lead is veered with the engine 
as fast as it will de.scend, care being taken to avoid over-running it. As soon 
as the bottom is struck the engine is stopped, the drum declutched and a few 
fathoms are hove in by hand until the lead is clear of the bottom. The drum 
is then clutched up again and the wire hove in at full speed by steam. The 
ship can proceed ahead towards the next sounding position as soon as the lead 
is clear of the bottom, and this is a great saving of time compared with the 
Lucas machine. 


Echo Sounding 

The general principles of Echo Sounding are now sufficiently well known 
to preclude the necessity of any very lengthy description here. In measuring 
the depth of water by Echo Sounding methods, an apparatus mounted in a ship 
or boat transmits an underwater sound impulse, which travels downwards 
through the water at a nearly uniform speed. On reaching the sea bed part of 
this sound is reflected and returns to the apparatus in the form of an echo, 
where its arrival is automatically recorded by graphic means. 

The velocity of sound in sea-water is known with considerable accuracy, 
and so by measuring the time interval between the emission of the sound and 
the reception of its echo from the sea bed, the depth of water can be deter¬ 
mined. It is obvious that, if v is the velocity and t the time interval, the 
depth of water is J vt. Various corrections, which must be taken into account, 
will be discussed later. 

In shallow water the time itrterval is extremely short; for example, the time 
taken for a sound impulse to travel to a depth of 10 fathoms, be reflected, and 
return to the ship is about l/40th second. It is not possible to measure accu¬ 
rately an interval of time of this order by direct methods, such as by the use 
of a stop watch, and special apparatus—the Echo Sounding equipment—^is 
provided to enable the measurement to be made. By means of a suitably 
graduated scale the time interval is for convenience converted into units of 
length (fathoms, feet or metres) so that the depth can be read off directly from 
the instrument. 


Magneto-striction Sounding Apparatus 
Great improvements in echo sounding have followed the introduction of a 
high frequency system of sound transmission used in conjunction with an 

















Chap. X 219 

automatic depth recorder. The apparatus of this type adopted by the Admiralty 
for use in surve5dng motor boats is known as the “ Universal ” Recording 
Echo Sounder, t)^e M.S. XII, and its principal features are : 

(1) The Transmitter. —^This consists of a pile of nickel stampings wound 

toroidally so that an oscillating discharge from a condenser passing 
through the windings creates an oscillatory magnetic field in the 
stampings. This causes the mean diameter of the stampings to vibrate 
radially, an effect called magnet-' criction. The mechanism is fitted 
in a tank filled with fresh water and secured on the inside of the hull. 
The vibrations are transmitted to the water, reflected downwards by 
a conical reflector so that the sound energy is concentrated into a 
conical beam, and the impulse passes through the hull into the sea 
and is reflected from the sea bed back to the receiver. 

(2) The Receiver. —^The construction of this is similar to that of the trans¬ 

mitter and it is fitted in another tank secured to the hull close to the 
first. The process which occurs in the transmitter is reversible so 
than when the incident sound energy sets the receiver into vibration, 
the magnetisation of the nickel stampings is altered periodically and 
this sets up an oscillatory electric current in the windings. This current 
is amplified, rectified and passed on to the recorder. 

(3) The Recorder. —This houses the " brain ” of the apparatus and is fitted 

in an alloy case secured in any convenient position inboard. Plate L 
shows a typical recorder. 

Fig. 130 shows diagrammatically the essential featmes of the apparatus. 

The motor A is supplied by a battery and is fitted with a governor B so that 
it runs at a practically constant speed under normal variations of voltage. 
An adjustment by means of which the speed can be varied within small limits 
is fitted on the governor. The motor is coupled to a two-speed gear box Q and 
through this drives a shaft on which is mounted a drum D built up of insulated 
discs an arm holding the stylus F is mounted on this drum. The front ring 
on the drum is continuous and is for bringing the echo impulse to the stylus 
by means of the brush a ; the next two rings operate the make-and-break by 
which an electrical impulse is sent to the transmitter once in each revolution of 
the drum. In practice this make-and-break is operated by means of cams 
on these two rings, but is shown for convenience in the dia^am as if it was 
operated by the brushes c and d. A device is fitted to operate an initial suppres¬ 
sion switch which is sometimes required for suppressing the interference caused 
by the transmission impulse. 

The paper H, on which the record is made, is made in rolls which are kept 
in sealed tins until required for use. Before being sealed up, the paper is 
chemically treated with a solution of potassium iodide and starch and is con¬ 
sequently moist. When a small impulse of electrical current passes from the 
stylus through the papier, it produces a brownish-purple stain at the pioint of 
contact of the stylus. The roll of papier is contained in a “ tank ” G (so called 
because in earlier models the papier was supplied dry and moistened in the 
machine), and led over the face of the tank and through rollers R at its base. 
One of these rollers is driven by shafting (not shown in Fig. 130) from the 
motor and the paper is thus drawn down at a regular speed over the face of 
the tank whilst the machine is running. 

The battery also supplies a rotary converter C which transforms the battery 
voltage (12 volts) to 400 volts D.C. This voltage is used to opierate the trans¬ 
mitter J. Current for operating the valve filaments of the amplifier I is obtained 
from the same battery. The high tension supply to the amplifier is from a 
tapping off the rotary converter. 

The action of the gear may be briefly explained as follows : 

When the motor is switched on, the drum D, carrying the stylus F, revolves 
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anti-clockwise at a constant speed, and once in each revolution the contacts 
c and d are “ made.” At this moment an oscillatory current is sent via the 
transmitting condenser L to the transmitter J, and a sound impulse is Sent out 



as previously explained. After reflection from the sea bed, the sound impul^ 
reaches the receiver K and a corresponding impulse of electrical current is 
passed via the amplifier I to the brush a and thence to the stylus which will by 
that time have rotated through a certain angle corresponding to the echo 
interval. From the stylus the current passes through the paper to the tank face 
and thereby completes the circuit to earth, and the position which the stylus 
occupied at this moment is shown by a brown stain on the paper. This process 
is repeated at each revolution of the drum D. A press-button O is fitted for 
marking the fixes ; when it is pressed the stylus draws a continuous line across 
the record, and an electric pencil P is used for numbering the fixes on the 
record. 

In the boat’s echo gear a two-speed arrangement, worked by the switch 
shown on the face of the instrument in Plate L, is fitted, whereby at the high 
speed setting the stylus traverses the breadth of the paper in an echo interval 
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corresponding to a depth of just over 60 ft. At the low speed setting the 
speed of the drum is one-Sixth that of the high speed setting and the stylus 
therefore traverses the breadth of the paper in an echo interval corresponding 
to a depth of just over 60 fathoms. 

The appearance of a typical record is shown in Plate M. 

The “ fix ” marks appear as continuous arcs and are numbered with the 
electric pencil. The depth marks are recorded automatically and are spaced 
at intervals correspondmg to 10 ft., horizontally on the record, and 30 secs., 
vertically (10 fathoms and 3 minutes, with the low speed setting). 

Double or treble echoes are often obtained, but there is never any diffi¬ 
culty in distinguishing the first or true echo. With the rotating stylus type of 
echo gear the slopes of the bottom, besides being exaggerated, are distorted; 
the sides oi a vertical wall under the sea would appear as a curve following the 
arc traced by the stylus. This distortion is not of material significance from the 
surveyor’s point of view. 

When the gear is fitted in a ship or when different requirements in performance 
are wanted, certain additions and modifications are necessaty. The motor in 
the recorder box is, of course, wound to suit the ship’s mains and the rotary 
converter is removed, transmission voltage being obtained from the ship’s 
mains discharged through a choke and condenser circuit by a contactor. 
Instructions for setting this are contained in the handbook issued by the 
makers. Where a different range of depths is required to be recorded the set 
must be modified in the gear box so that the stylus speed is correctly related 
to the range of depths and phasing steps required. 

The breadth of the paper on which the soundings are recorded is about 
6 ins., and it is clear that, as so far described, soundings could only be obtained 
down to quite moderate depths ; the stylus speed might be slowed down so that 
6 ins. of paper were equivalent to, say, 500 fathoms, but the scale would 
then be so compressed that soundings could not be read with sufficient accuracy. 
The machine fitted in ships, therefore, has a device whereby the transmitting 
contacts can be rotated, relative to the operating cam, about the axis of the 
spindle which carries the cam and stylus arm. This enables transmission to 
take place at some point before the stylus reaches the zero line. In this case 
the record no longer shows the true depth but the depth plus the amount 
by which transmission has occurred before the stylus crosses the depth zero. 

This is the " phase correction ” or “ amount of phase ” and in the ship type 
whose scale reads from 0-150 ft. phasing can be accomphshed in steps of 100 ft., 
the amount of phase being shown by a number which appears in the front 
of the recorder box. 

In the boat type, one phase (of -|-40 ft. or fathoms) only is possible. This 
is accomplished by a switch which brings into operation an alternative pair of 
transmitting contacts. 

Operation of Boat’s Echo Sounding Gear. 

Apart from the possibility of false echoes and incorrect tidal reduction 
(both of which are discussed later in this chapter) the accuracy of echo soundings 
depends, in general, on the correct functioning of the Echo sounding machine, 
and in particular : 

(i) that the stylus (or motor) speed, in revolutions per second, at the time of 

sounding, is in correct ratio to the velocity of sound in the water of 
that particular area. 

(ii) that the Transmission line remains constant and indicates correctly the 

draught of the transmitter at all times. 

The velocity of sound in water is given in Admiralty publication H.D. 282, 
" Tables of the Velocity of Sound in Pure Water and Sea Water for use in 
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Echo-sounding and Sound-ranging ” (2nd edition, 1939) ;* the other provisions 
of (i) and (ii), above, must be determined at frequent intervals by cahbration 
and, if error is found, must be either corrected on the spot, or allowed for before 
the soimdings are inked in. 

Surveying ships are supplied with tachometers for checking the speed of the 
stylus (or recorder motor). The method of using the tachometer varies with 
different types of recorder, but in the Type 762 the speed is taken from the end 
of the stylus carriage shaft, on the front face of the recorder. 

The stylus sp^d is in direct ratio to the motor speed, according to the 
setting in use, high speed (feet scale) or low speed (fathom scale). The standard 
speed of the stylus, which is stamped on the stylus carriage, corresponds to a 
sounding velocity of 800 fathoms per second (4,800 ft./sec.), but the necessary 
stylus speed corresponding to any other sounding velocity can be determined 
by simple proportion, e.g. for a soimding velocity of 840 fathoms per second, and 
a stamped stylus speed of 533-5 revs, per min., the stylus speed must be 
840 

adjusted to X 533-5, or 560-2 revs, per mm. 

Should there be no tachometer available, the speed of the stylus can be found 
by timing the Interval markings as they appear on the record. The machine 
must be in the high speed (feet scale) setting, and a " run ” of not less than 
three intervals should be timed with a stop watch. For a sounding velocity of 
800 fathoms per second the markings should appear at intervals of exactly 
30 seconds; for other sounding velocities the correct time intervals can be 
found by simple proportion, as above. 

nalihi-ft tinn . —At the beginning of every new survey, and at frequent intervals 
thereafter, careful calibration of the echo gear is essential. The procedure with 
the Type 762 machine should be as follows : 

{a) Run the machine in the high speed (feet scale) setting for at least 
30 minutes, so that it may warm up and attain a steady speed. 

(5) Check the speed of the motor as detailed above, and correct it, if neces¬ 
sary, by adjusting the governor. 

(c) Proceed into shallow water, say 2 or 3 fathoms, where the bottom is 
reasonably flat and, if possible, hard. With the boat stopped, and the 
machine running in the high speed setting, take careful soundings by 
" dobbing ” with a lead line, held as close to the transmitter as possible. 
Compare the called soundings with those shown on the echo record. 
In such shoal water it can be assumed, if the speed of the stylus has 
been corrected that any discrepancy between the lead line and echo 
depths is due to an incorrect setting of the point of transmission. 

An adjustment is provided by means of which the relative positions of 
the transmitter contacts and the stylus arm can be varied within small 
limits. The setting of this adjustment must be altered until the echo 
depth agrees with the lead line. This operation wiU correct for both 
la g in transmission and for the draught of the transmitter. 

[i) Proceed into a depth of 50-60 ft. {i.e., near the limit of the feet scale 
at zero phase) and, observing the same precautions as in (c), check the 
echo sounding against the lead line. Any discrepancy between them 
must now be ascribed to an imperfect estimate of the sound velocity 
used in (6) and the speed of the motor must be adjusted accordingly. 
If the echo is deeper than the lead line the speed must be reduced by 
screwing i*p on the governor and vice versa. 

(c) If it will be necessary to use the low speed (fathom scale) setting in any 
part of the survey {i.e., if there are depths of over 10 fathoms) proceed 
to-the deepest part (but not over 60 fathoms) and check the echo 

* Note .—If Echo Sounding Velocity Charts (published by the Admiralty) are available 
they should be used in preference to H.D. 282. 
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against a careful wire sounding. It is unlikely that any measurable 
di^screpancy will be found, but if one does exist, it must be due to a 
change m transmission lag caused by shifting over to the low speed 
settmg. The error should be allowed for by correcting the sounchnes 
when mkmg in. 05 

Wear of the carbon annular ring situated in the motor governing gear will 
cause the motor to increase its speed, and will introduce a percentage error in 
the sountogs. Prolonged use may cause an alteration in the setting of the 
tr^smtting mechanism which will affect the instant of transmission and 
introduce a zero settmg error. In addition, the sound velocity is not always 
known with accuracy and, in any case, is subject to local or seasonal change. 
Consequently the echo soundings must be checked at frequent intervals durhig 
each ^y s work by comparison with up-and-down casts of the lead as 
described above. ' 

■ fathoms should be selected for these daily checks, if prac¬ 

ticable, but they should be carried out in different parts of the area of the day’s 
work to obviate any changes in water conditions, such as would be found in 
estuanes, or where large temperature differences exist (such as at the junction 
of the Labrador Current and the Gulf Stream). ' 

Great care must be taken when checking to obtain the first strike of the lead 
especially when the bottom is soft. 


Provided the motor is running at the correct speed for the deduced sounding 
velocity Md the transmission is correctly aligned, any errors found in these 
^nodical checks can be accepted as a percentage, and aUowed for accordingly 
However, unless the assumed sounding velocity differs greatly from its true 
value, there should be little or no appreciable error in soundings under 60-100 

fatnnm<a ° 


(The ship’s echo soundings must be checked in a similar manner but of 
course, the Lucas machine will be used for these checks more frequently than 
the lead line.) ^ ^ 

(As far as deep sea soundings are concerned, it is not customary to adjust 
the speed of the motor for different sounding velocities, but to run it for a 
standard velocity value of 800 fathoms per second. Variations from this 
figure as given in H.D. 282, should then be applied as a correction to each 
recorded depth. Such corrected deep sea soundings should be checked 
I^nodically agamst wire soundings, but, except under ideal conditions, such 
checks cannot be regarded as really accurate ; they will, however, be a guard 
against gross errors, and may also furnish data for assessing the reliability of 
previous wire soundings.) 

All checks should be recorded by electric pencil on the echo record as weU as 
in the sounding book. 

False Echoes, caused by dense shoals of fish, or by layers of water differen¬ 
tiated by sudden changes of temperature or salinity (or both), are occasionaUy 
re^rded, and care must be taken not to accept them as genuine soundings. 

^hoes from shoals of fish should be recognised without much difficulty as 
their character wUl probably differ considerably from the genuine bottom 
echoes, the begmnmg and end of the shoal will hang in " mid air ” on the record 
and usually the true bottom echo will be recorded as well as the false echo. 

The reflecting power of a layer may, owing to its nearness to the surface, give 
^ strong an echo as the bottom, but in many cases it may be distinguished by 
temg several tunes as long as the outgoing signal. If. however, the layer is 
thin it will be indicated by a sharp echo. 

It is possible that the “ falseness ” of the echo given from a layer can be 
appreciated more readily on the slow speed setting, and in cases of doubt a 
temporary change over should be made. A check with the lead line, however’ is 
the only satisfactory method of proving or disproving such false echoes 
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Running the Gear. —For use in boats, power for operating the Type 762 
gear is supplied by a 12-volt battery. A detailed description of the various 
parts of the apparatus and instructions for maintainance and location of faults 
are contained in handbooks supplied by the makers, Messrs. Henry Hughes & 
Son, Ltd. It will be sufficient to say here that a high standard of mechanical 
and electrical efficiency is essential and that the machine must be carefully 
protected from the weather. 

The method of covering the groimd by systematic lines of sounding with 
fixes at regular intervals is the same as that employed with the hand lead or 
any other sounding apparatus. The only material difference is that with the 
hand lead the speed of the boat is generally limited to that at which the lea^- 
man can obtain accurate and sufficiently numerous soundings, whereas with 
echo gear the speed is only limited by the ability of the observers to fix and plot 
the position with sufficient rapidity. When using the hand lead, it is usual to 
fix after every so-many soundings ; with the echo gear, fixes should be obtained 
at regular intervals of time. 

The echo machine should be started up fifteen minutes or so before it is 
actually required for use so that it may warm up and attain a steady running 
speed which should be checked before sounding commences to ensure that it 
is correct within, say, 1 per cent. The first of the daily checks described above 
should be made, and the machine adjusted, if necessary, before sounding is 
started. 

The machine should run unattended, but it is more convenient to station a 
man at it to carry out the following duties : 

(а) Report if the record tends to fade out or disappears at any titne. 

(б) Report if sensitivity control requires adjustment. 

(c) Operate the phasing and gear changing mechanism as necessary to 

Wintain the sovmding range of the machine in conformity with the 
depth of water. 

(d) Call out times for the fixes and, as they are taken, mark and number 

them on the record. 

(e) Call out and enter in a sounding book the depths as read off the record 

at regular intervals, e.g. every 30 seconds, taking care to include also 
the shoalest depths at every point where a rise in the bottom occurs. 

(/) Report unexpected or rapid shoaling. 

The soundings can, of course, be read off the record later on when the boat 
returns to the ship, but this will be a very considerable labour and means that 
" inking in ” takes much longer than necessary. By carrying out the arrange¬ 
ment suggested, all that is necessary, later on, is to glance quickly at the record 
after the soundings between successive fixes have been inked in and note that 
no shoal depths have been accidentally omitted. 

As the boat proceeds along the line of soundings, the nature of the bottom 
should be ascertained with the hand lead or small Lucas machine at regular 
intervals, speed being reduced as necessary for this purpose. Approximately 
every half-hour the boat should be stopped and the accuracy of the echo record 
checked against a lead line or wire sounding. After running for an hour or so, 
the record may become slightly defective owing to deposit from the back of 
the paper accumulating on the face of the tank where the arc is traced by 
the stylus. The machine must be temporarily stopped so that this deposit can 
be cleaned off. 

The following information must be recorded in the sounding book, whether 
the soimdings are read off at the time or later : 

(а) Marks used for fixing and observed Angles. 

(б) Numbers and Times of the Fixes. 

(c) Nature of Bottom. 
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(4) Notation of check Soundings. (These must also be noted on the record.) 

(e) Tidal Reductions (when they have been ascertained). 

Portable Echo Soundii^ Gear. —^This gear has been develop)ed to meet the 
needs of the Hydrographic Surveyor who may have to soimd in a boat which has 
not been fitted with tanks to house the transmitter and receiver imits. 

The echo sounding unit consists of a standard 12-in. reflector which is 
mounted in a wooden casing of streamlined form. Inside the reflector are two 
1-in. majgneto striction packs mounted on the same spindle, the lower one 
functioning as a transmitter and the upper as a receiver. The unit is known as 
a " transceiver.” The reflector is air-fiUed, its lower end being closed by a brass 
plate but the wooden casing which surrounds it is open to the sea. 

The streamlined housing is carried at one end of a 9-ft. steel tube about 
3 ins. in diameter through which the leads to the Transceiver are passed. The 
tube is flattened to an oval shape at its lower three feet and carries suitable 
lugs and a pad piece for mounting. Plate N shows the outboard unit mount^ 
on the stem of a motor skiff. 

The recorder and amplifier are of normal type arranged for 12-volt battery 
operation and are mounted in a light steel box so that they may be trans¬ 
ported and installed together. The weight of the recorder and amplifier and the 
framework on which they are mounted is approximately 170 lb. and that of 
the Transceiver with its steel tube about 60 lb. 

A lighter type of portable set is under development. 

Reduction of Soundings 

Soundings may be carried on at all states of the tide but the measurements 
give the depth only at the particular time they are taken. The surface level 
of the water is in most places undergoing constant periodic changes and, as it 
is not feasible to produce charts showing the actual depths at any and every 
state of the tide, soundings must be “ reduced ” to some arbitrary plane so 
that they indicate the depths at some particular phase of the tidal movement, 
e.g. at mean low water springs. The selection of this arbitrary plane, i.e. chart 
datum, is discussed under the heading " Tides and Tidal Streams ” in Chapter 
XV. It is sufficient to remark at this juncture that the datum should be a 
pl^e so low that the tide will but seldom fall below it. Adoption of this 
principle ensures that the chart will show approximately the least depths to be 
found in any locality, i.e. the mariner will very rarely have to subtract from the 
charted figures to find the true depth at any time. 

Predicted heights of the tide are always" subject to some uncertainty and 
should not be used in any regular survey.* To reduce soundings to a common 
datum an exact knowledge of the tidal movement (in a vertical plane) is essen¬ 
tial and readings of the water level must therefore be observed on a tide gauge 
and recorded at frequent intervals during the periods sounding is in progress. 
(See also Chapter XV.) By plotting the times against the heights on squared 
paper, a series of points is provided through which a fair curve, representing 
the vertical tidal movement, can be drawn, and the reduction at any particular 
time can be read off. 

In reducing soundings the general principle observed in Admiralty surveys 
is that soundings are never to be increased by more than one-quarter of that 
unit employed. It therefore follows that the tidal reduction changes to the 
next higher foot when the decimal of the height of the tide above datum is 
0 3 : e.g., when the tide is 3-3 ft. above datum the reduction is 4 ft. By the 
application of the same principle to depths which are shown on the chart to 
the nearest fathom only (i.e., those over II fathoms), a reduced sounding of 
194 would be shown as 19 fathoms, whilst 196 would be shown as 20 fathoms. 

Reduced soundings of less than 1 ft. are considered as being equivalent to 

• But see pages 308 and 309. 
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*' awash.” When the reduction is ^eater than the original sounding, the 
resulting figures must represent a height above chart datum and would, for 
example, be inserted on the chart as 12 or " dries 12 ft.” It may be noted 
here that “ drying ” soundings are now always recorded in feet not in fathoms 
and feet. 


Nature of the Ocean Bottom 

A chart should indicate by the recognised abbreviations the natiue of the 
sea bed in every part of the water area. This information is of value to: 

(1) The mariner ; to assist him in choosing the most suitable places to 

anchor, i.e. , in the best holding groimd and clear of rocks. In some 
instances he will also be helped in determining his position. 

(2) The harbour engineer; in connection with dredging operations, the 

construction of breakwaters, etc. 

(3) The fisherman ; to enable him to select arep free from rocks where he 

can safely shoot his trawl and where particular varieties of fish may 
be expected. 

(4) The scientist; for the advancement of oceanographical knowledge 

generally. 

Sp»ecial equipment in the form of self-closing grabs for obtaining samples of 
the bottom is sometimes used, but the surveyor is normally dependent on a 
lead “ armed ” with tallow or fitted with a non-retum flapnvalve in its base. 
Both of these should be used, since some materials, e.g., fine sand, will adhere 
readily to the tallow but may be completely washed out of a flap-valve which 
is unlikely to be perfectly non-retum in its action, whilst others, e.g., soft mud, 
scarcely adhere to tallow at all but leave a good sample in a valve lead. Failure 
to appreciate this fact has often led to the bottom being erroneously and 
indefinitely described as “ hard ” or even as “ rock.” The best indications of 
rock are abrasions on the base and sides of the lead. Bottom specimens should 
be obtained at regular intervals, e.g., every five minutes, whilst sotmding ; in 
boats the hand lead or boat’s machine is used, in the ship the Kelvin machine 
is usually the most convenient for depths up to 200 fathoms or so, whilst in 
deeper water a driver tube or valve lead on the deep sea sounding machine is 
employed. 

The samples found on the lead come from the surface layer which may be 
of very different character to that just underneath, but some clue to the com¬ 
position of the latter may often be obtained by examining the material brought 
up on the flukes of the ship’s, or beacon, anchors. Surveying ships are usually 
provided with a microscopye and a sample box of bottom spiecimens. Compari¬ 
son with the labelled samples should ensure proper identification of the various 
types likely to be found. The following paragraphs, which give a short summ^ 
of the general nature of the ocean bottom, are based on the very comprehensive 
study of marine sedimentation as described in " The Oceans ” (Sverdrup, 
Johnson and Fleming ; Prentice-Hall Inc., New York, 1942), to which further 
reference should be made. 

Marine deposits are derived from a variety of sources, of which the following 
contribute the greater part: 

(1) Detrital material, i.e. material from the breakdown of rocks, carried into 

the sea, mainly by rivers. 

(2) Products of volcanic activity, either from above or below the sea surface. 

(3) Skeletal remains of organisms, both plant and animal, such as normally 

comprise a large part of the deep-sea deposits. 

(4) Inorganic precipitates from sea water, which are not abundant but which 

may form conspicuous components in certain localities. 







(5) Products of chemical transportation, i.e. substances formed by the inter¬ 

action of sohd particles and sea water. 

(6) Extraterrestrial materials, such as the small black or brown spherules 

which may be found in sediments which accumulate at extremely slow 
rates, such as red clay. 

These deposits may be subdivided into two main groups called pelagic and 
terrigenous. Pelagic deposits are those found in deep water far from shore and 
may bte either organic or inorganic in origin. They are usually light-coloured, 
fine-grained and, generally, contain some skeletal remains of plankton organisms. 
The inorganic deposits are called red clay, and the organic sediments oozes. 
Terrigenous deposits are those which are found near shore, and generally 
contain at least some material of terrigenous origin. They cover a wide range 
in depth, and vary greatly in colour, texture and composition. They are known 
as sands, silts or muds; inshore sediments may contain remains of plankton 
animals but, in addition, skeletons of bottom-living organisms may also be 
abundant in relatively shallow water. 

PELAGIC DEPOSITS 

The pelagic deposits are restricted to the large ocean basins and are classified 
according to their composition ; those with less than 30 per cent, of organic 
material being known as red clay, and those with more than 30 per cent, of 
material of organic origin, as oozes. This latter class is further subdivided into 
calcareous and siliceous oozes. Calcareous oozes are those which contain more 
than 30 per cent, of calcium carbonate, mainly in the form of the skeletons of 
plankton animals, whereas siliceous oozes are those pelagic deposits which 
contain a large percentage of siliceous skeletal material produced by planktonic 
plants and animals. 

The main types of pelagic deposits are thus as follows : 

Red Clay.— This deposit is one of the most predominant and covers 38 per cent, 
of the sea bottom. It has a world-wide distribution, but is confined to those 
portions of the ocean floor at moderate or great depths. In the deeper waters 
of the Pacific Ocean red clay is the most extensive sediment, comprising 
49 per cent, of the total deposits. The minimum depth at which it is found is 
2,200 fathoms, the maximum, 4,530 fathoms ; in the Atlantic Ocean it occurs 
at an average depth of 2,950 fathoms. The colour of the sediment varies from 
brick red in the North Atlantic to chocolate brown in the Indian and South 
Pacific Oceans. 

Calcareous Oozes. 

{a) Globigerina ooze. This deposit consists mainly of the skeletal remains of 
pelagic foraminifera. It has an extensive distribution and is predominant in 
the Atlantic Ocean, where it covers about 65 per cent, of the ocean bed, but it is 
also found in considerable quantity in the Pacific and Indian Oceans. The 
sediment varies considerably in colour ; near land it may be dirty white, grey 
or blue, but in the open ocean, rose, yellow or brown tints may be observed. 
The distribution of globigerina ooze normally is confined to the lesser depths 
and, in the Atlantic Ocean, the range of the deposits lies between 420 and 
3,300 fathoms, with an average depth of occurrence of 1,975 fathoms. 

(6) Pteropod ooze. —This sediment contains the conspicuous shells of pelagic 
molluscs. It only occurs in significant amounts in the Atlantic Ocean. It 
ranges in colour from white to light brown, with a reddish, pink or yellow tinge. 
The depth at which it is found varies from 390 to 1,930 fathoms, with an 
average depth of 1,130 fathoms. 

Siliceous Oozes. 

(a) Diatom ooze. —The characteristic feature of this deposit is the large 
amount of diatom frustules, i.e., the siliceous remains of microscopic plankton 
plants. The distribution of this ooze is restricted to a virtually continuous belt 
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around Antarctica, a band across the North Pacific Ocean, and a small belt 

E arallel to the west coast of South America. The depth-range of occurrence is 
etween 600 and 3,150 fathoms, with an average depth of 2,300 fathoms. The 
colour of diatom ooze when wet is yellowish, straw or cream-coloured, but when 
dry it is dirty white. Near land the deposit is darker. 

(6) Radiolarian ooze. —^This ooze contains a large proportion of skeletons of 
radiolaria, a group of minute protozoa. Its distribution is almost entirely ij 

limited to a wide band in the equatorial regions of the Pacific Ocean. It occurs I- 

at depths between 2,360 and 4,500 fathoms, with an average depth of 2,900 !! 

fathoms. In colour it may be straw, chocolate brown, or red. 

Terrigenous Deposits 

The classification of terrigenous deposits is not so sai factory as that of r 

pelagic deposits in that so much may depend on local conditions. Relative to 
the pelagic sediments, the terrigenous deposits cover only a small proportion of | ] 

the sea floor, and they show a wide range in properties within a relatively short . • 

distance from the coast. They are classed usually as gravels, sands, silts and |1 

muds, and their texture, generally, is coarser than that of the pelagic deposits. •; 

Terrigenous deposits have a wide range in colour, from white to black, with the '■ 

addition of blue, yellow or red, or mixtures of these. Generally, the sediments j< 

of the shelves and slopes are dark in colour, ranging from green or brown to blue. I‘ 

Colour varies greatly with local conditions, but off the mouths of large rivers, |; 

the deposits are usually red, yellow or brown, as the result of the debris carried 
seaward by the rivers, and are often referred to as red muds. Along most 
coasts the terrigenous deposits generally are green or olive-green, possibly due 1 • 

to the intermediate stages in the oxidation or reduction of the iron present. :I 

In general the light-coloured sediments are relatively coarse-grained and are 
composed of quartz or limestone. A grey colour is due probably to the presence 
of black minerals, while black deposits are typical of the stagnant conditions 
which may prevail in fjords, basins and other isolated places. Near large 
glaciers, the near shore deposits will consist almost entirely of detritus carried I! 

out to sea by the ice, while in volcanic regions much of the inshore sediments 
will be ash and pumice. 
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CHAPTER XI 


SWEEPING 

The (determination of the contours of the sea bed by means of sounding only 
is always open to the criticism that dangers may pass undetected if they happen 
to lie in the inevitable spaces which must exist between adjacent soundings. 
The introduction of echo soimding methods has met this criticism in one 
respect, i.e., soundings are so closely spaced that no danger could possibly 
remain undetected on any particular line run by the ship or boats ; nevertheless 
there still exist the comparatively large spaces between adjacent lines of 
sounding where for want of better information it is assumed that the slope of 
the bottom is more or less even. If, however, the bottom is irregular in form 
or if obstructions such as wrecks exist, soundings alone cannot be relied 
upon to indicate the shoalest depths and it is necessary to resort to sweeping. 
In this operation a wire is towed horizontally or carried at a set depth below 
the surface of the water over the area where the shoals or obstructions are 
believed to lie. If the wire does not foul anything during the process, it provides 
positive evidence that no shoals or obstructions in that area rise from the bottom 
to a greater height than the set depth of the sweep. This information is of 
great value as it shows the depth which may be safely carried in all parts of 
the swept area. A sweep is also employed for obtaining the exact depth of 
shoals and obstructions which are of such small size that there could be no 
certainty of locating their shallowest parts with any type of sounding apparatus. 
In this connection it must always be remembered that the most satisfactory 
method of finding the least water over an obstruction of small extent, and 
known position, is by sending down a diver. 

The various types of sweeping gear commonly used in surveying and the 
methods of operating them are described below. 

Mark IV Oropesa Sweep 

This is a single-ship sweep for use at speeds up to about 12 knots and was 
originally designed for mine clearing. For surve 5 nng purposes it has been 
modified in certain particulars and has proved extremely valuable in locating 
wrecks and shoal patches. It can be used as a single sweep, i.e., on one quarter 
only, with a maximum useful spread of about 600 ft., or as a double sweep 
with twice that spread. The principal items of the equipment are ; 

(1) Three Kite Otter Multiplanes : rectan^lar steel box-frames fitted with 

vanes. Two are used as otters for pulling the sweep out on either quarter 
and the third as a kite for keeping the ship end of the sweep down ; 
the construction of all three is identical. 

(2) Tw(j Sweep Wires : each of 450 fathoms of IJ' British mine-mooring 

wire, one right hand laid for use on the starboard quarter and one 
left hand laid for use on the p)ort quarter. 

(3) Kite Wire : 100 fathoms of If' E.S.F.S. Wire. 

(4) Two Floats : for supporting the ottfers. 

(5) Two Snatch Blocks and IJ" Wire Pendants: for connecting the sweep 

wires to the kite. 

(6) Two four-legged chain Slings : fitted on a beam with bottle-screw adjust¬ 

ment, for securing the sweep wires to the otters. 

(7) Three-legged Chain Slings : one leg fitted with bottle-screw adjustment, 

for securing the kite wire to the kite. 
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(8) Float Wires (IJ*) : in various lengths up to about 30 fathoms. 

To work the gear, two winches (or a double winch) to take the sweep wires 
and fitted with friction brakes are required on deck, and a third winch or 
capstan to take the kite wire. Hand cranes for hoisting the floats and otters 
in and out should also be fitted. 

The manner in which the sweep operates is shown in Figs. 131 and 132. 
Fig. 131 shows the sweep in plan afid in elevation from astern ; Fig. 132 shows 
it in side elevation. As the ship steams along, the kite pulls down the 
snatch blocks through which the sweep is rove and so keeps the ship end of the 
sweep down to a set depth, whilst the otters pull out on each quarter and 
spread the sweep. The otters have a tendency to dive but are restrained by 
the floats to which they are connected by float wires. The natural tendency 
of a wire being towed through the water would be to take the form of a catenary, 
but, by using right-hand laid wire on the starboard leg and left-hand laid wire 
on the port leg, the wash of the water on the lay provides a lifting action which 
increases with speed. The speed of the ship can be adjusted in relation to the 
spread of the sweep so that a practically flat sweep is obtained. For example, 
if 140 fathoms of sweep wire are veered (giving a spread of about 435 ft. on 
each leg), the speed through the water to obtain a flat sweep must be 7-7 knots ; 
with 240 fathoms veered (gmng a spread of about 570 ft. on each leg) the 
speed must be 8-3 knots. 

The depth of the sweep wire at the otter ends depends primarily on the 
amount of float wire used and to a lesser extent on the speed at which the 
sweep is towed. To alter the set depth of the otter end, it is necessary to heave 
in the sweep and hoist in the otter and float so that the length of float wire 
can be changed. The depth of the sweep at the ship end is regulated by the 
depth of the kite which can be altered at any time by veering or heaving in the 
kite wire which should be marked at every fathom of its length. 

Each float carries a staff and flag so that the outer ends of the sweep are 
indicated and can be seen from the bridge of the ship. Thus by bearings and 
rangefinder distances of the two floats, the spread of the sweep can be checked 
at any time. 

Depth recorders are available for testing the accuracy of the depth-keeping 
of the sweep wire, to which they can be shackled between puddings at any 
convenient point. They are intended for use only when testing the gear and 
should not be attached at other times. 

Preparation of 'Oropesa Sweep Gear for running. —The various items of 
equipment may be considered seriatim as follows: 

(a) Kite Wire. —This should be marked in a similar manner to a lead line 

at every fathom from 5 to 50. An eye and thimble for shackling to 
the kite slings should be worked at its outboau'd end. The kite wire 
is usually operated from an after capstan in surveying ships. 

(b) Kite. —If the gear has not been run previously, it will be necessary to 

“ balance ” the kite, an operation which is carried out as follows: 

Lay the kite flat on deck, leading edge forward and with towing eye 
bolts on top. No difficulty will be experienced in recognising the leading 
edge if it is remembered that the lug on the centre strut {see Fig. 133) 
is on the after edge. Shackle on the fAree-legged slings: the shortest 
leg shackles on at the lug on the centre strut, the leg with the bottle 
screw (which should be adjusted to about its central position) to the 
ring of the port leading eye bolt, the third leg to the starboard leading 
eye bolt. All legs must entirely free from turns. 

Lead the kite wire through the after fairlead and shackle it to the 
towing ring of the kite slings, put the ship to slow speed and veer until 
the 5-fathom mark is awash. Increase to 6 knots and if the kite wire 
tows centrally, i.e., fore-and-aft, increase gradually to, say, 10 knots. 
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If, however, the kite sheers to port or starboard, slow down, heave it 
up and adjust the bottle screw. If the sheer is to port, lengthen the 
port leg and vice versa, turning the bottle screw as much as three or 
four turns if the kite sheers at low speed. Lower the kite a.gain and 
repeat the process as necessary with smaller adjustments until the kite 
runs true at full speed. 

(c) Kite Pendants and Blocks.— Two kite pendants are required for the 

double sweep. These should be made of 1British mine-mooring wire 
and fitted with an eye and thimble at each end. Each pendant should 
be about 5 ft. in length, but must be long enough to reach across from 
the midship fairlead, which takes the kite wire, to the quarter fairlead, 
which takes the sweep wire. One end of the pendant is shackled to the 
ring of the kite slings and the other to a snatch block through which 
the sweep wire is rove. 

(d) Floats. —A wooden stave with a small flag should be fitted in the flagstaff 

socket on the top of the float. A swivel-piece is shackled to the towing 
saddle and a small Senhouse slip should be fitted below the swivel so 
that the float is quickly detachable from the float wire. The floats 
are hoisted out by hand cranes or davits: tripping hooks should be 
fitted on the whips for dropping them. 

(e) Float Wires.— K sufficient number of float wires (IJ* British mine¬ 

mooring wire) should be made to allow for various lengths from 5 to 
30 fathoms being made up. Lengths of 20, 10, 5, 4, 2 and 1 fathoms 
should be cut off and fitted with an eye and thimble at each end: 
these will be required in duplicate when the double sweep is used. 

(/) Sweep Wires. —To wind a wire onto the sweep winch, the coil should be 
hung on a turntable so that the whole coil can be turned as it is wound 
on ; if an attempt is made to wind on directly from the coil as it lies on 
deck, the wire will become hopelessly kinked. Wire with right-hand lay 
must be wound on the starboard winch, and left-hand lay on the port 
winch. The outboard ends of the sweep wire can be secured to the otter 
slings by means of bulldog grips. The wire is difficult to spUce and, as 
frequent breakages may occur when sweeping for obstructions, it is a 
waste of time to eye-splice it. 

(g) Otters. —If these have not been previously used, it will be necessary to 
attach the slings and adjust them so that the otters run properly. To 
attach the slings, place the otter on its edge, on the side of the ship 
it is going to be used, leaning it up against the bulwarks or rail with 
its leading edge forward and with the sling attachments inboard. The 
/owr-legged slings are used for the otter and these are shackled on with 
the bottle screw below the towing beam and the longer legs to the 
forward edge of the otter. The link for attaching the float wire is at 
the top of the beam. See Fig. 133. 

When shackling on the slings, it is most important to see that all 
legs are free from turns. Assuming the otter has not been run before, 
place the bottle screw in about the central position. 

To “ balance ” the otter, get the sweep out and run it as later 
described. Each otter should be balanced independently. For correct 
running, the float should tow in a moderately calm sea almost wholly 
submerged but with the whole staff showing. The water should be seen 
lifting over the nose of the float but not breaking until the tabernacle 
of the flagstaff is reached. If the float rides lighter than this, or if the 
otter breaks surface, heave up the sweep and shorten up the bottle 
screw ; if the float tows with the flagstaff partly or wholly submerged, 
lengthen the bottle screw and continue adjustments until the float 
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runs correctly. After these adjustments have been carried out a 
depth recorder may be used to test their accuracy. 

STARBOARD OTTER 


After Ldqe 



■Link for Sweep Wire 

Swivel 

■Beam 


Operation and Management of the Oropesa Sweep. —For surveying purposes 
the sweep must normally be run as a flat sweep at some pre-arranged depth 
below the datum of soundings and it is therefore necessary to predict the tidal 
inovement for the period that the sweep will be in use. A predicted tidal curve 
should be drawn and the heights above datum at, say, each hour taken off so 
that the required running depth of the sweep below the surface at any time 
will be known. This information determines the amount of kite wire to be 
veer^ (see Tables C and D in this chapter) and the length of the float wires 
(see Table B) which must be altered as the tide rises or falls. As alteration of 
the float wires involves heaving up the sweep and takes some time, it is hardly 
feasible to alter the setting very frequently; as a rule settings within, say, 2 ft 
of the required mean can be accepted. For example, if it was intended to start 
swe^ing at 07W at a depth of 8 fathoms below datum and if the predicted 
to 12 ft. at 0800, the sweep might be 
set at 10 fathoms 2 ft. during the first hour, srivine denths below datum varvina 
from to 82. 


t. during the first hour, giving depths below datum varying 

To get the sweep out, the sequence of operations is as follows : 

(1) Reeve the sweep wires through their respective quarter fairleads and 

attach to the slings of the otters; the latter can then be lifted over 
the rails and the sweep wires hove in until the otters hang close up 
to the fairleads with their leading edges forward and outboard and 
without any turns in the slings. Set the winch dials to zero. 

(2) Hoist the floats outboard with the cranes or davits and lower them 

level with the bulwarks. Then shackle on the required lengths of float 
wire joining the floats to the otters, keeping the bights clear of the 
water. 

(3) Reeve the kite wre through the after fairlead, shackle it to the kite slings 

apd lift the kite over the stem, leaving it hanging close up by the kite 
wire. Shackle on the pendants and snatch blocks to the ring of the 
kite slings. 
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( 4 ) Steaming at about 6 knots, lower and slip the floats which will then tow 
astern by the float wires. See that the latter lead clear from the otter 
slings over the top of the otters. 

(6) With the winch engine clutched up, veer about 30 fathoms on one otter 
at full speed. Stop the engine, and the sweep wire and float should 
draw out on the quarter. If they do not do so, it is probable that the 
float wire is foul of the otter which may have taken an unusually 
violent sheer when it entered the water or the otter may have struck 
the bottom whilst veering; alternatively there may have been an 
rmdetected twist in the slings. In this case, reduce to slow speed, 
heave the otter in close up to the fairlead where it can be reached, and 
clear the slings and float wire. Then increase to 6 knots and repeat 
the operation until the otter runs properly. Similarly with the other 
otter and sweep. It is not advisable to veer both at the same time at 
this stage as, if one otter runs foul, it will probably jump over the 
other sweep wire and lead to a bad foul. Disconnect the sweep engines 
and tow on the brakes. 

(6) When 30 fathoms are out on each sweep wire, it may be termed the 

“ short stay ” position and everything is now ready to veer and set 
the sweep as the ship approaches the scene of operations. The short 
stay position is useful as the ship can be manoeuvred under almost 
full helm and the drag of the otters does not greatly increase her 
normal turning circle. 

From the short stay position it takes five to eight minutes to veer 
250 fathoms of sweep wire and to lower the kite, so that with the 
tidal stream behind the ship it may be necessary to arrange a " run 
up " of as much as two miles to the sweeping area to ensure that the 
sweep is set in time. It is obviously necessary to arrange for the run 
up to be made where there is sufficient depth of water to prevent the 
sweep fouling the bottom. 

(7) Increase to sweeping speed. As previously explained, this must conform 

to the spread of sweep it is proposed to use, if a flat sweep is to be 
obtained: vide Table A in this chapter. It must be remembered that, 
when it is set, the sweep exercises a considerable drag on the ship and 
it may be necessary, with the double sweep out, to do revolutions for 
10 knots to attain a speed of knots through the water. For surveying 
purposes the most useful speeds are 7 to 9 knots, corresponding to 
spreads of about 140 and 210 yards respectively, on each leg. 

(8) Veer both sweep wires slowly " on the brake ” until the required amoimt 

of sweep wire (as shown on the winch indicators) is out. This operation 
must not be hurried or the otters will probably hit the bottom and run 
foul. As the wires run out, the floats should be carefully watched to 
see that they always pull out a little on the quarter. If a float is seen 
to be coming almost dead astern, put the brake hard on and wait a 
few moments until it has pulled out again on the quarter. When the 
necessary amount of sweep wire is out, put the brakes on just hard 
enough to prevent the drums rendering unless any additional strain 
comes on the sweep wires. 

(9) As the sweep wires run out, snatch the kite pendant blocks onto them and 

veer the kite with the after capstan, stopping it when the required 
length of kite wire is out, as noted by the fathom mark awash. 

Manoeuvring with Sweep Set. —^When the ship is under way with the double 
sweep fully veered and requires to make any large alteration of course, the sweep 
on the side to which the ship turns, should be hove in whilst the turning move¬ 
ment is in progress, and the kite should be lifted about one-third of the amount 
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of kite wire out. The ship should not use more than 20° of rudder and should 
straighten up temporarily whenever the inner float comes before two points 
abaft the beam. Having turned to the required course, the inner sweep can 
be veered again and the kite lowered to its correct setting. The drag of the 
sweep strongly opposes turning movement and the normal turning circle 
diameter is nearly doubled with the sweep out. 

It is sometimes found more advantageous to use a single sweep (which is 
rigged in exactly the same way as the double sweep, except that only one 
snatch block and pendant are required on the kite), as the manoeuvring 
capacities of the ship are less seriously impaired. Using a single sweep, it may 
be possible to arrange any large alterations of course to be made away from 
the sweep and the ship can then turn under almost full rudder. The single 
sweep is especially useful when sweeping near the bottom in a small area, in 
the vicmity of shipping, or where obstructions are numerous. 

Running the Oropesa Sweep. —Lines for the ship to follow should be drawn 
on a field board at distances apart about 40 yards less than the total spread of 
the sweep. This will provide a reasonable overlap to allow for failure to follow 
the lines epctly. Fixing and plotting are carried out by means of sextant and 
station pointer in a similar manner to that employed for sounding and, as the 
ship steams along, the flags on the floats which mark the ends of the sweep 
should be shot up from time to time by compass bearings, and rangefinder 
distances or depressions from the horizon. This will enable the actual position 
and spread of the sweep relative to the ship to be plotted at any time on the 
board and prevent gaps being left in the work. If beacons are used for fixing 
they should be moored; otherwise the fix will not be sufficiently precise to 
ensure that no gaps are left, unless very large overlaps are allowed. 

Any convenient scale may be used for sweeping work but it is not advisable 
to use one smaller than about 1/30,000 (2J ins. to the nautical mile), or there 
may be difficulty m relocating an obstruction which has been found by the 
sweep. 

No attempt should be made to sweep too close to the bottom. It must be 
remembered that the kite and otters extend some little distance below the 
sweep wire and, to allow for this and for minor variations in depth keeping, a 
margin of not less than 1^ fathoms clear of the bottom is required. As the 
ship steams along, the floats should be constantly watched. If one or both 
tend to come in towards the wake of the ship and the winch drums render in 
little jerks, it is probable that the sweep wire is foul of the bottom. When 
this happens, increase speed, if possible, and the sweep will probably 
itself as will be evident by the float pulling out again on the quarter. There 
is never any doubt when an actual obstruction is fouled, for the drum renders 
rapidly and continuously and the float is seen to draw quickly into the wake 
of the ship. 

It is essential to have good communication from the quarterdeck to the bridge. 
As soon as an obstruction is fouled, the- bridge should be informed and the 
engines put to full speed astern, and stopped as soon as the way is off the ship. 
About 40 to 60 fathoms of sweep wire will probably render off the winch whilst 
the way is being taken off me ship; it is therefore advisable to have at least 
75 fathoms remaining on the winches after the sweep has been veered and set. 
The coils of wire (450 fathoms) are amply long enough but, if obstructions are 
numerous, there will be a constant expenditure of small lengths of sweep wire. 
For example, if the sweep is to be veered to 250 fathoms, there must be at least 
325 fathoms on the drum before veering, to ensure that there is enough spare 
wire to prevent it running out to a clinch. 

When an obstruction is fouled, it is generally correct to assume that by the 
time the way is off the ship the otter has been pulled into the obstruction and 
that the float therefore marks its position. A fix should be at once obtained 
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and the bearing and distance of the float observed and, as a check, a series of 
these should be made whilst the sweep is being hove in and the ship is being 
pulled back towards the obstruction. When sweeping against the tide, the 
otter will sometimes fall clear of the obstruction as soon as the way is off the 
ship and the sweep wire has slacked up. The otter will then drift or be dragged 
away hanging from the float, so that it is important to lose no time in getting 
a fix and shot into the float before this can happen. 

Clearing the Sweep from a Wreck. —When the sweep meets an obstruction, 
such as a wreck, the drum renders quickly and the float is seen to draw rapidly 
in towards the wake of the ship. As soon as the way is off the ship the winch 
engines should be clutched up and the sweep hove in. Normally only one leg 
of the sweep fouls; the other falls to the bottom and can be hove in fairly 
quickly. The kite should be lifted at once and the blocks unsnatched from the 
sweep wires. As the ship is being hove astern towards the wreck, some help 
may be given with the engines but great care must be taken not to over-run 
the wire or to get the other sweep wire foul of the propellers. When the fouled 
sweep wire is nearly up-and-down under the stem, the otter may be pulled 
clear of the wreck, but more usually it will be too firmly wedged and, if there 
is any sea, the sweep wire will part or else may be cut with a hammer and cold 
chisel. Assuming that this has been done, the otter will be left hanging from 
the float by the float wire, and the ship should be turned head to tide or wind 
and brought up, head on, to the float which can then be hooked on to the fore 
derrick whip. The float can usually be lifted high enough out of the water to 
enable the slip on the float wire to be reached, but care is necessary to prevent 
too much strain being put on the derrick. A picking-up pendant should be 
shackled on to the float wire and, after knocking off the slip, brought to the 
forward capstan. On heaving in, the otter is often pulled in the opposite 
direction to that in which it was previously drawn by the sweep wire and, if so, 
will usually come clear of the wreck so that it can be weighed by the float wire. 
The only expenditure of gear then is the few fathoms of sweep wire which 
reached from the stem vertically down to the wreck. 

It sometimes happens that, when the ship is being hove back to a wreck in 
which the otter is foul, the strain on the sweep wire will pull the otter through 
part of the wreckage and the float is dragged under water, remaining submerged 
after the sweep wire parts or is cut. In such cases the gear can often be recovered 
by running over the jwsition with the other leg of the sweep set to a shoaler 
depth so that it clears the wreck but catches the float wire. The latter 
may part when the sweep wire fouls it, but the loss is then confined to the 
otter and a few fathoms of wire, as the float immediately rises to the surface. 

Normally it is found that the otter receives little damage by contact with 
a wreck unless a " direct hit ” is scored; the vanes sometimes get bent but 
can easily be hammered back to shape again. A direct hit, however, will 
probably render the otter or kite unfit for further service. 

Notes on Oropesa Sweeping.— In an area where obstractions are numerous 
it often pays to use a short sweep, e.g., 150 fathoms of sweep wire veered, giving 
a spread of about cables with the double sweep. This saves time at each 
foul as heaving in and veering the sweep is quicker ; also, the ship is handier to 
manoeuvre than with the longer sweep out. 

If it is necessary to sweep on a line between two known obstmctions, approach 
the first one against the tide with the sweep fully veered, but the kite up. As 
soon as the first obstraction is passed, lower the kite at full speed. Just before 
the second obstmction is reached, stop the ship and heave in the sweep. By 
this means a minimum area is left unswept. It is, of course, essential that 
the ship should pass exactly over the first obstmction in the approach. 
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In rigging the Oropesa gear it is essential to mouse all shackles. If this is 
done and if care is taken to see that the kite and otter slings have no turns 
in them, little trouble should be experienced in running the gear. 

It must be fully realised that the Oropesa gear is only suitable for a Searching 
Sweep ; it should not be used for finding the least depth over an obstruction, 
nor for bottom sweeping. 

The following tables give the necessary data for operating the sweep at 
speeds of 7 to 9 knots. The tabulated spread of sweep for various amounts of 
sweep wire veered are approximate only ; they vary somewhat with the depth 
at which the sweep is run and should always be checked by direct observations 
of the floats from the bridge. 


Tables for Mark IV Oropesa Sweep. 


A. Flat Sweep. 


Sweep wire veered 

Spread of single 

Speed through 
the water. 

Fathoms. 

Yards. 

Knots. 

140 

145 

7-7 

190 

170 

7-9 

240 

190 

8-3 

290 

205 

9-3 


B. Amount of Float Wire in fathom*. 


Swept depth in fathoms. 


water in knots. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

7 

4 

5i 

6i 

8 

10 

12 

Hi 

16i 

19 

21 

23 

25* 

8 

H 

5i 

7 

H 

lOJ 

13 

15i 

18 

20i 

22* 

24i 

27* 

9 


5i 

7i 

H 

Hi 

14 

16i 

19 

21* 

24 

26* 

29 


C. Amount of Kite Wire awash in fathoms for Single Sweep. 


Swept depth in fathoms. 


water in knots. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

7 

9* 

11* 

13* 

15 

17 

19 

21 

23* 

25* 

28 

30* 

32* 

8 

9* 

11* 

13* 

15* 

17* 

19* 

21* 

23* 

26 

28* 

31 

33* 

9 

10* 

11* 

13* 

15* 

17* 

19* 

22 

24* 

26 

29 

31* 

33* 


D. Amount of Kite Wire awash in fathoms for Double Sweep. 
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Motor Boats’ Sweep 

The use of the Mark IV Oropesa sweep is obviously restricted to areas in 
which the ship can safely navigate. For shallow water a smaller type, working 
on similar principles, has been evolved for use in 28-ft. surveying motor boats. 
Owing to the low power of these boats and the absence of space for engine- 
operated winches, the gear is much lighter and is modified in the following 
respects: 

(1) The sweep is used as a single sweep only, i.e., either to port or starboard, 

vdth a maximiun of 80 fathoms of sweep wire (from kite to otter) 
veered, giving a spread of about 80 yards. 

(2) The speed of the boat with the sweep set must be over 2 knots ; speeds 

of 3 to 4 knots, according to the conditions, should be obtainable with 
the power available. 

(3) The sweep wire (|-in British mine-mooring wire) is operated from a 

hand-worked reel secured in the stem sheets. The kite-wire (IJ-in.) 
is veered by surging round any convenient cleats and is hauled in by 
hand. 

(4) Three floats and float wires are necessary; one, as with the Mark IV 

sweep, on the otter, one shackled on between puddings half-way along 
the sweep wire as the latter is veered, and one shackled on to the kite 
slings. 

(5) The length of kite wire veered should be two and a half times that of 

the kite float wire ; the length of the latter and of the other two float 
wires for various sweeping depths are given in Table E. 

(6) If a recorder is used, it should be shackled on by a tail to the sweep 

wire above a pudding placed about 3 ft. from the otter slings. 

(7) If there is no central fairlead at the stem, the sweep wire is led through 

the port or starboard one and the kite wire on the opposite side. A 
chafing plate, fitted over the coaming in the way of the kite wire, 
which is most conveniently worked from forward, is a necessary fitting. 

Manoeuvring the Boat with the Sweep out. —Small alterations of course can 
be made with the rudder in the usual way, but once the sweep grows on the 
quarter, the speed of altering course is very slow indeed. By partly closing 
the kitchen mdders, however, as large an alteration of course as desired can 
be made in either direction, but whilst this is in progress the sweep wire will 
drop much below sweeping depth and is liable to foul the bottom. With the 
wind on the beam difficulty may be experienced in steering, and it is therefore 
best to sweep up and down wind when possible. 


Boat’s Oropesa Sweep. 

Table E. Length of Float Wires for Depths of Sweep. 


Depth of Sweep 
in fathoms, 

Length in fathoms of 

Otter Float Wire. 

Kite Float Wire. 

Mid Float Wire. 

2 

li 

21 

31 

3 

2i 

3i 

41 

4 

3i 

5 


6 

5 , 

4i 

6 


71 

6 

5i 

7i 


81 

7 

64 

8 


91 

8 

7i 

9 


11 

9 

8i 

10 


121 

10 

n 

11: 


131 
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Drift Sweeping 

The least water over pinnacle rocks, shoals of small extent, wrecks, etc., 
can best be ascertained by means of a drift sweep operated from the ship or 
boats. When there is sufficient depth of water over the shoal or obstruction 
^d enough room to manoeuvre, the sweep should be worked from the ship 
in preference to the boats, as a much wider spread can be used and there is a 
correspondingly greater certainty of passing over the required position. 

As the name implies, the drift sweeping is effected by allowing the ship (or 
boat) to drift with the tidal stream or wind over the required position, carrying 
a sweep at a set depth below the surface of the water. 



Fig. 134 shows the general arrangement of the sweep in a ship about 230 ft. 
long. The sweep wire is supported at intervals of about 40 to 60 ft. by depth lines 
which are marked in feet in the same manner as a lead line. The foremost 
and aftermost depth lines should be of l^-in. wire; they are shackled to 
If-cwt. sinkers, and are worked from the capstan forward and a sounding 
or sweep winch aft. The intermediate depth lines are ordinary hand lead lines, 
fitted with wire hearts, and are worked by hand from the boat or upper deck. 
The leads should be fitted with screw shackles in their bases, to take the sweep 
wire. The l|-cwt. sinkers should each have an eye bolt screwed in near its 
perimeter, so that stead3dng lines may be attached; these are led inboard 
as far forward and aft as possible and prevent the sinkers turning as they are 
lowered ; they also act, to some extent, as guys should it be necessary for the 
ship to move ahead or astern. The sweep wire must be light so that it will not 
hang in any appreciable catenary between the depth hnes; |-in. or ^-in. 
F.S.W. or Kelvin sounding wire are all suitable ; it is rove through the centre 
rings of the sinkers and through the screw shackles on the leads, the forward end 
is belayed on the forecastle, and the after end, which should be fitted with a 
soft eye, is put on a small slip on the quarter-deck, so that it can be let go and 
the sweep wire allowed to unreeve itself whenever the sweep fouls. (A spun 
yam sweep has been used with success, and has the (possible) advantage that 
it can be belayed at both ends and allowed to part when a foul occurs.) 

To lower the sweep, about seven men and two winch drivers are needed. 
The sweep wire is rove at the upper deck level with the sinkers and leads hanging 
ready over the side. As it is lowered, one man tends each depth line, one 
forward eases out the sweep wire and foremost stead5dng line, and one aft 
eases out the after steadying line. When the sweep has been lowered to the 
required depth, as noted by the marks, the depth lines can be belayed and 
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the sweep and steadying lines pulled hand-taut and secured. As the ship 
drifts, three watchers should be stationed, forward, amidships and aft, to 
report when and where the sweep fouls. The watcher aft should be responsible 
for knocking off the slip when a foul occurs. To raise the sweep, the full crew 
will be required again. 

Management of a Drift Sweep in the Ship.—The normal purpose of drift 
sweeping is to find by exjjeriment the depth below datum at which the sweep 
will just clear a shoal or obstruction, hence finding the least water over it. 
It is; first necessary to predict the vertical tidal movement for the period of 
sweeping so that each setting of the sweep can be made with reference to 
sounding datum and adjusted from time to time, as the work proceeds, to 
compensate for changes in the water level. The tidal predictions may not be 
quite accurate, but the exact depth below datum, at which the sweep just 
cleared the object, can be ascertained later on when the tidal readings for the 
period have been received. 

When the least water over a shoal or obstruction is to be found by drift 
sweeping, it is desirable first to ascertain as accurately as possible the position 
where the shoalest depth may be expected. In a few cases the position will 1^ 
fairly obvious from surface indications such as eddies and swirls, otherwise it 
must be found by close sounding or with the Oropesa Sweep. If there is 
uncertainty of position amounting to more than about 50 ft., there will be a 
doubt as to whether the sweep actually passes over the shoalest part. It is 
true that this doubt might be removed by drift sweeping over a comparatively 
large area as is often done to check the results of dredging operations, but this 
is always a very slow process if it is to be sufficiently thorough to ensure that 
no gaps are left unexamined. It is therefore better to determine the position 
by other means, leaving the drift sweep to find the least water only. 

Suppose now that an obstruction has been located by the Oropesa sweep 
set to a depth below datum of 8 fathoms and that the least water over this is 
to be found by drift sweeping. Having plotted the position of the obstruction 
on the sweeping board, a dan buoy should be anchored 300 to 400 yards directly 
up stream from the obstruction and carefully fixed and plotted. This buoy 
acts as a mark to enable the ship to be stopped in such a position that she 
will drift down over the obstruction. It may be useful first to carry out a test 
drift to make certain of the course the ship will follow, and the buoy can then 
be laid accordingly. A test run is usually worth making when the tidal stream 
is weak or negligible and the wind is the more powerful agent in moving the 
ship. When the tidal stream is very strong, it will be necessary to lay the buoy 
further from the obstruction in order to allow time for lowering the sweep. 
From the sweeping board, take off the relative positions of the obstruction and 
buoy by bearing and distance and plot them on a large scale, e.g., 400 ft. to an 
inch, as shown at A and B in Fig. 135. 
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The arrows show the direction in which it is anticipated the ship will drift, 
t.e., in this case about ESE. Assuming the sweep to be rigged on the star¬ 
board side, bring the ship up to the position a in the figure, stopped and headed 
as nearly as possible SSW., i.e., at right angles to the line of drift so that the 
^eep presents the greatest possible spread in the approach to the obstruction. 
The sweep may then be lowered to the required depth below datum; in this 
example it would be best to set it at 8 fathoms below datum, so as to be certain 
of fouling the obstruction on the first drift. This will engender confidence that 
the ship has really drifted over the right place. 

As soon as the sweep is set, a fix by bearing and distance of the buoy should 
be obtained, the direction of the ship’s head noted, and the position of the sweep 
plotted, this being repeated at b, c, d, etc., as the ship drifts down. (For con¬ 
venience, the sweep is shown at fixes a and g as if it hung directly under the 
ship.) If, however, the large-scale plot will embrace enough land stations to 
fix by, these should be used for fixing, but the buoy will still be found convenient 
as a mark showing where the ship should be hove to for starting the sweep. 
If it is found that the ship is not drifting directly towards the obstruction, it 
may be possible to rectify matters with a slight touch ahead or astern on the 
engines ; in the figure, for example, a touch ahead might have been given after 
fixes b and e. As the ship drifts down, a careful watch should be maintained on 
the depth lines, the moment any are seen to grow out from the ship’s side, the 
nearest observer should inform the bridge, e.g., " sweep foul between Nos. 4 and 
5 depth lines,” and the slip is then knocked off so that the sweep wire can unreeve 
Itself. The information that the sweep fouled between Nos. 4 and 5 gives a 
valuable indication of the exact location of the obstruction with reference to the 
buoy, and these relative positions can be replotted more accurately for use in 
the subsequent drifts. 

As soon as the position of the obstruction has been passed, the sweep is 
raised and the ship goes back to the buoy to repeat the operation, for the 
next drift it is best to raise the sweep a fairly large amount, say 8 ft.; i.e., to 
64 below datum ; if it now passes over without fouling, lower 4 ft. and continue 
halving the corrections until the least water is ascertained correct to the nearest 
foot, if it still fouls at 64 , raise a further 8 ft., and so on. Sometimes, however, 
a good indication of the required correction will be obtained by observing the 
action of the sweep when it fouls ; if it grows out strongly, a large correction 
IS probably necessary ; if, however, it grows out a little and then slips over the 
top of the obstruction, it is obvious that it need only be raised a foot or two 
to pass clear over it. 

Suitable weather conditions are almost essential for drift sweeping. Most 
ships, when stopped, lie nearly beam on to the wind and, except in very light 
breezes, it is not possible to keep them headed in any other direction for long, 
especially with the sweep down when the engines can then only be used with 
great discretion. The best conditions are with a light breeze blowing in the 
same direction as the tidal stream is setting ; with strong winds the sweep will 
grow out a long way when drifting with the wind, or will grow right under the 
ship when drifting against it. With the wind right athwart the tidal stream 
little can be done, and it is best to defer sweeping until more suitable conditions 
prevail. Operations should be started soon after the stream begins to make, 
thus ensuring, as far as possible, that the work will be completed on one tide ; 
this will save moving the buoy and anchoring it again on the other side of the’ 
obstruction. 

The sweeping book should contain a record of the fixes (including direction 
of ship’s head) and times and notations of the place and depths at which the 
sweep fouls. If a recording type of echo sounding gear is fitted, it should be run 
whilst the drifts are in progress ; the record will show the outline of that part 
of the shoal or obstruction which passed under the transmitter and receiver and 
may even indicate the least water over it in some cases. 
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Visual indications, such as surface swirls cind eddies, are rarely exactly over 
the objects which cause them ; with a strong tide, they may be 100 yds. or 
more downstream, so that the drift must be started a long way upstream. It is 
hardly ever satisfactory to work on visual indications alone ; there will always 
be some uncertainty as to whether the ship really drifts over the required 
position, and it is much better to fix frequently as the drift is in progress, either 
by bearing and distance of a mark buOy or, if close to the land (so that a large 
scale can be used) by station pointer fixes to shore objects. 

Drift Sweeping in a Boat.^—When manoeuvring space is restricted or when 
the depth of water over a shoal or obstruction is insufficient for the ship, a 
drift sweep can be operated from a boat in much the same way as from the 
ship. Surveying motor boats are only 28 ft. long, which is hardly enough to 
give the sweep a satisfactory spread. Two bamboos, or light spars, may be 
lashed in the boat so that they project 12 to 16 ft. over the bow and stem. 
Each bamboo should be fitted with a wire jackstay, and with an outhaul rove 
through a thimble or block secured at its head. The blocks which take the depth 
lines and sweep wire are supported on the jackstay and can be hauled into the 
boat or out to the head of the bamboo as desired. Leadlines supportiiig ^ cwt. 
sinkers are suitable for the depth lines ; the sweep wire (Kelvin sounding wire, 
cod line or spun yarn) being rove through the rings of the sinkers. 

Other types of drift sweep may be improvised without much difficulty for 
use in boats to suit varying circumstances. When a short sweep will do, an 
iron bar or a weighted pole suspended below the boat may be more convenient 
than a wire sweep. The procedure whilst drifting is the same as that in the ship 
and, if boat’s echo sounding gear is fitted, this should be mn whilst the sweep is 
in progress. 

Drift sweeping is often carried out in important harbours or over dredged 
areas where it is essential to ascertain that a certain depth can be safely carried. 
In these cases the procedure is the same as that already detailed, except that 
fixing will be by angles to shore marks and the sweep will always be lowered to 
some prearranged depth below datum. A series of drifts is then undertaken 
until the whole area has been covered. 

A modification of boat drift sweeping, of great use for ensuring that the 
required minimum depth alongside a quay has been obtained by dredging or 
demolition, is carried out by rigging a boat for drift sweeping, as described above, 
and towing her, broadside on, parallel to the quay, by two dinghies. Or, 
alternatively, the sweep may be rigged between the dinghies, but in this case, a 
surface distance line must be secured between the boats to ensure that the 
sweep is kept taut below the water. (In this respect, it should be noted that if 
the boats close together the sweep will drop and will search at a greater depth 
than that shown by the depth fines ; consequently, if the objective is merely to 
ensure that a minimum depth exists, any error from this cause will be on the 
safe side though, of course, the area swept will be narrower.) 

Wire Drag Sweeps 

It is a drawback of the Oropesa sweep that it cannot be used for sweeping 
nearer than about 1 j fathoms to the bottom and many experiments have been 
made with other types of sweep which can be towed at slow speeds. The most 
ambitious of these is a wire drag sweep, the lay-out of which is shown in Fig. 136. 

This sweep has been used with a spread of 12,000 ft. and can be towed at about 
IJ knots through the water. In view of this slow speed it should always be 
worked with the tidal stream, should there be any. A considerable amount of 
special gear is essential for a sweep of this size and the principal items of the 

jquipment are as follows : 

(1) Two 60-ft. power launches to act as “ guide ” and “ end ” vessels ; one 
of these must be fitted with a power winch and a mast and derrick 
capable of lifting the heavier parts of the sweep. 
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(2) A smaller launch to act as a tender for setting the depth of the sweep, 
as the tide rises and falls, and for clearing it when it fouls a shoal or 
obstruction. 



DRAG SET AT DirFERENT DEPTHS 



DRAG UNDER WAY 


'^Jtock 


DRAG FOUL 
Fig. 136 

(3) Two large buoys (a, a) to support the ends of the sweep, fitted with 

hand winches by means of which the length of the depth lines may 
be adjusted. 

(4) Smaller buoys (b, b, etc.) similarly fitted, for supporting the sweep wire 

at intervals of about 100 ft. 

(5) Two IJ-cwt. sinkers (c, c) for the ends of the sweep and intermediate 

weights (e, e) of about 36 lbs. 

(6) Metal floats {d, d) to support the wire between the buoys. 

(7) Sweep wire (7-stranded |-in.), depth lines (A-in. wire) and wire and 

rope for towing spans. The sweep wire must be cut into 100-ft. lengths 
each end of which is fitted with a swivel, long link and shackle. 

Management of Wire Drag Sweep.— An accurate knowledge of the general 
depths prevailing in the area to be swept must be known before sweeping 
sta.rts and the tidal movement must be predicted. All the gear is stowed in the 
guide launch and the sweep is streamed under way, the end launch towing it 
out and buoys, floats and sinkers being attached as it is paid out. When the 
sweep is set, the launches proceed, each heading 10° to 20° outward from the 
line of advance. The guide launch follows the proposed track as closely as 
possible, fixing and plotting her position at frequent intervals, and the end 
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launch concentrates on preserving the spread of the sweep and keeping on a 
constant line of bearing from the guide. When the sweep fouls anything, an 
extra strain on the tow will be apparent and the buoys in the vicinity of the 
foul will capsize. It will then probably be necessary to anchor the guide and 
end launches temporarily by the stem, whilst the attendant launch lifts the 
sweep wire clear by means of the nearest depth lines. The obstraction or shoal 
should be buoyed as soon as the foul occurs and the least water over it can be 
obtained afterwards by drift sweeping or close sounding in the ordinary way. 
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CHAPTER XII 
COASTLINING 

Accurate delineation of the coastline is an essential feature of marine surveys 
and, although this part of the hydrographic surveyor’s work might be regarded 
merely as one of the many topographical details which go to make up the 
completed chart, its importance is considered to justify a separate chapter 
being devoted to the subject. 

The mariner is frequently under the necessity of fixing himself by bearings 
and angles to promontories and similar features of the coastline, and it is 
therefore imperative that every small sinuosity should be faithfully represented 
and that both high and low-water lines with the nature of the intervening 
foreshore should be clearly distinguished by the appropriate symbols; this 
will also assist the mariner in recognising the coast and in selecting the best 
landing places, etc. In land surveys, which include portions of the coast, the 
coastline is sometimes treated in rather a perfimctory manner. For this reason, 
and also because the coastline in many parts of the world frequently changes 
its position and shape, either by accretion or erosion, the hydrographic surveyor 
can scarcely ever justify the practice of reproducing it from land maps in the 
way he might employ with other topographical details, such as hill contours. 

Markin g the Coast.—The location of the stations and marks of a marine 
survey is chiefly considered from the point of view of their convenience for 
fixing the soundings, but some regard must also be had for the topographer and 
coastliner in their work. Soundings must be fixed by sextant and station 
pointer and, although other ways of fixing are available on land, the work of 
the coastliner will be much facilitated if he can be provided with a sufficient 
number of fixed marks to check his position from time to time by that method. 
When the shore is fringed with trees and there are no off-lying islets, it may be 
impossible to provide marks suitable for station pointer fixes, and in such cases 
the best that can be done is to place them in such positions that they see along 
the coast as far as possible in each direction, adjacent ones being intervisible 
when this can be arranged. 

The marks provide the control by which the coastliner works, and the 
density of this control should depend chifefly on the scale of the survey. For 
example, on a scale of 1/50,000, marks spaced at intervals of a mile or so 
(i.e., ins. on the paper) along the coast should generally suffice, whilst on a 
scale of 1/12,500 marks at intervals of | to J a mile {i.e., 2 to 3 ins. on the 
paper) may be required. These figures should be regarded only as a rough 
guide ; if station pointer fixes can be obtained here and there between adjacent 
marks, they could be spaced at wider intervals, whereas under other conditions, 
and particularly if the configuration of the coastline is very involved, marks 
may have to be spaced more closely. 

Field Boards and Instruments for CoastUning.—Separate field boards should 
be prepared for plotting the coastline and topography ; those used for sounding 
become soiled in use and will probably be required for that purpose at the 
same time as coastlining is in progress. Whatman boards, being light to carry, 
may often be used with advantage; their surface is particularly suitable for 
plotting fine and intricate work. Coastline boards should have the main and 
secondary stations and sounding marks pricked through on to them, and it is 
useful to plot also any rays previously obtained to topographical features, e.g., 
during the triangulation. The boards should have one or more magnetic 
meridians drawn on them and scales of miles, cables and yards. 
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The instruments required for coastlining are as follows : 

(а) A level (fitted with a horizontal circle) and levelling staff, 

or, a theodolite and levelling staff, 
or, a sextant and 10-ft. pole or portable range-finder. 

(б) Linen tape measure. 

(c) Pocket compass. 

(d) Station Pointers (including Gust’s). 

(e) Dividers, spring bows, protractors, pencils, watch, field book, etc. 

Whenever possible, a dinghy or whaler should accompany the coastlining 

party. It is useful for carrying any gear not actually in use at the time and 
may be required for crossing rivers, negotiating awkward parts of the coast, 
or for visiting off-lying rocks, banks, etc., from which it is often convenient to 
observe. 

METHODS OF COASTUNING. —Delineation of the high water line is the principal 
business of the coastliner, but he must also record the character of the shore, 
both immediately above and below high water, and should include any infor¬ 
mation regarding coastal features, which he can conveniently obtain in the 
course of his work. For example, tangent shots should be observed to off-lying 
islands and rocks, especially those which dry, these should be fixed by angles 
from the coastal marks and their heights computed from vertical angles to 
them ; also the heights of cliffs, buildings, etc., should be measured with a 
tap)e or deduced from vertical angles taken, if necessary, froni a boat anchored 
offshore. The coastliner should also be responsible for obtaining full descrip¬ 
tions of all navigational aids and any information of this type required for 
inclusion in the Sailing Directions. The extent to which the coastliner should 
concern himself with topographical detail in general must depend on the time 
available and on individual judgment, but he should usually 1^ regarded as 
responsible for fixing houses, roads, railways, etc., when they lie close to the 
shore and he can often usefully include angles to hill summits and other 
features which lie farther inland. 

Whenever possible, the whole coastline should be walked over; if this is 
1 . 5 t done, important features, such as small rivers, may escape observation 
unless good air photographs of the coast are available. 

Methods of coastlining; 

(а) Station Pointer Fixes. —In some circumstances it is possible to get good 

station pointer fixes at almost any point on the coast. The observer 
occupies a series of stations on the high-water line and at each obtains 
sufficient angles to the fixed marks of the survey (with a sextant, 
theodolite or level) to fix himself and to determine the trend of the 
coast on towards the next station and back towards the previously 
occupied one. If the stations are sufficiently close, the coastline can 
be drawn in, when they have been plotted, with all required precision. 
This method is chiefly applicable to work on small scales and where 
the coastline is not too intricate. When the configuration is irregular, 
it is usually more convenient to combine it with the methods described 
below in (6). 

(б) Traverse.— A much used method of fixing the coastline is by means of 

traverses between adjacent surveying marks. Starting the traverse 
from some known position, e.g., a sounding mark on or close to the 
coast, a sufficient number of points are fixed along the high-water 
line to enable it to be drawn in accurately. Each leg of the traverse 
is limited to a length of about 300 yards, i.e., as much as can ^ 
measured accurately by tachymeter or sextant and 10-ft. pole (vwc 
Chapter VI), and observations are made at each end and each turning 
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point of the traverse to as many intermediate points as may be neces¬ 
sary for plotting the high-water line. The distance apart of the inter¬ 
mediate points must depend on the scale of the survey and on the 
configuration of the coast. If the latter is involved, it may be necessary 
to fix a series of points not more than J-in. apart on the paper so that 
it can be accurately drawn ; pn a scale of 1/6,250 this would correspond 
to a distance of about 40 yds., whilst on a scale of 1/50,000 it would 
be about 300 yds. On a straightforward coastline, however, the points 
could be much more widely spaced. 

Various methods of running traverses have been described in 
Chapter VI, and these are applicable to coastlining, with the following 
important modification. In coastlining it is not usual to calculate the 
co-ordinates of the turning points and adjust the traverse mathe¬ 
matically between the terminal points. The positions of the turning points 
are plotted direct on the field board by protracting the bearing and 
length of each leg in succession, starting from the initial station, and 
the accuracy of the work is established by the close of the plot on the 
final station. This practice can be accepted on the understanding 
that the coastliner will never be required to run traverses of any great 
length without independent checks at intervals on his position, e.g., by 
station pointer fix. Unless such checks are available, a sufficient number 
of fixed coastal marks should be provided to keep the total length of any 
coastline traverse between the marks within a limit of 6 in. or so, as 
measured on the paper, so that with reasonable care no appreciable 
error should accumulate in the plotting. 

The angular measurements to determine the directions of the traverse 
legs and of the intermediate stations from the turning points may be 
made with a theodolite, a level (fitted with a horizontal circle) or a 
sextant. In most of the work it is only necessary to protract short 
rays on the paper so that angles need only be measured with an accuracy 
of, say, 10' of arc. This, however, does not apply to angles observed 
for station pointer fixes used for checking the work, as these may often 
have to be taken to distant objects. On small scales (and even on large 
scales for short rays) a pocket compass will often give the required 
direction with the necessary precision ; for example, on a scale of 
1/50,000 an error in bearing of 1° in a ray a mile long would transpose 
the terminal point only 025 in. when plotted on the paper. 

On scales of 1/12,500 (5-8 in. to a nautical mile) and larger, it is best 
to measure the distances between the turning points of the traverse by 
tachymeter (see Chapter VI) as this is a rather more accurate method 
than the sextant and 10-ft. pole, or a portable range-finder. On smaller 
scales, either of the latter methods will do well enough. Direct measure¬ 
ments with a tape are often necessary in surveys of harbour basins and 
large-scale work of that description. 

Example of coastlining by the traverse method : 

In a survey on a scale of 1 :12,500, it is required to fix the coastline 

between two sounding marks “ Nut ” and " Oak " : as shown in 

Fig. 137. 

As the scale is fairly large the observer is provided with a levelling staff 
and a level fitted with a horizontal circle, for obtaining angles and direction 
and ffistances by tachymetry. A small range-finder is also taken. His field 
board has marked on it “ Nut ’’ and “ Oak ” and also " D,” one of the main 
tnangulation stations situated in the vicinity. 

Landing at Nut, the level is set up over the mark and the observer first 
looks along the coast and obtains angles to any prominent objects on or near 
It, using Oak '' or " D ” as his zero, or another fixed point if neither of these 

IS visible. In this instance, he sees an islet p, and obtains tangents and an 
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elevation to it; a rock awash q, the end of a pier d, and a summit s are also 
shot up. A man with the levelling staff is then directed to proceed along the 
high-water line and stop at every point where the coastline makes an appreciable 
p Q/slet 



Scale of Yards 


change of direction. At each of these points, marked 1,2, 3 and 4 in the figure, an 
angle and distance are observed to the staff. On arrival at a, the staff man can go 
no farther without disappearing from sight. So an angle and distance are 
obtained to this point, which becomes the first turning point of the traverse, 
and the staff man remains there to mark the position until the observer brings 
his instruments along. At a, a similar procedure is carried out, further shots 
being obtained to p and q, and the next intermediate stations numbered 1, 
2 and 3. A river is found to lie beyond No. 3 and as most of it is out of sight 
from a, a second turning point is established at b where angles and distances 
to the intermediate points 1, 2, 3, 4 and 5 on the river banks are obtained. 
Beyond b, the coastline is found to consist of mangroves and cannot be walked 
over. The observer, however, notes an off-lying sandbank r, sends the staff 
man to it and returns to a where he obtains an angle and distance to the man 
at c. As b cannot be used for continuing the traverse eastward, c will be made 
the second turning point of the traverse and b will be regarded as an off-shoot 
from the main traverse for fixing the river entrance. At c angles and distances 
by range-finder are obtained to the points 1 and 2 on the mangrove shore line 
and a check angle is obtained into b. The staff man then lands at the point 
No. 3 close west to the pier and then goes to d on the pier head, this becoming 
the third turning point of the traverse. The observer follows him to d where a 
similar procedure is enacted ; and also at e and / for fixing the rest of this part 
of the coast; angles are obtained to p, q and s, and other prominent objects, 
from each turning point. The observer “ zeros ” his angles on one of the fixed 
marks of the survey if possible (when practicable, a fairly distant one, for 
ease in plotting later (see below)), but if none can be seen, he must leave a 
mark at the last turning point and zero on that. As he progresses he notes in 
his field book the nature of the foreshore and the country immediately inland 
and measures, as far as the state of the tide permits him, the extent of drying 
ledges and banks by sending the staff man out to their l^its ; also no oppor¬ 
tunity is lost of obtaining check angles to any points which have been or will be 
occupied so that the accuracy of the work can be tested. 

For small scale work (about 1 : 30,000 or smaller) a method of traversing the 
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coastline, which has been found both quick and reliable, is by sextant and a 
300-ft. wire. Two sailors, with a length of Kelvin sounding (or similar) wire, 
300 ft. long and marked every 50 ft. with bunting, measure the lengths of the 
traverse legs, working ahead of the officer and keeping their own line by walking 
past each other alternately. (The “ front ” man remains still until the “ rear ” 
man has walked ahead to the full extent of the wire and taken his line by a 
transit on the old " front ” man and the terminal mark.) The end of each 300 ft. 
measured is marked by a small pile of stones or sticks. The legs are made as long 
as possible consistent with keeping within 100 yards of the coast; when it is 
necessary to change direction the “ wire ” men wait until the officer has caught 
up. The direction of each leg is measured by sextant by the officer who follows 
behind ; large angles at the turning points are measured in two parts making 
use of some convenient distant mark, or a pole stuck in the ground, as a middle 
object. Offsets to the H.W. line and other detail are paced out, at right angles 
to the leg, at every 300-ft. mark, or as often as necessary. Records can con¬ 
veniently be kept on a rough sketch in the field book, as shown in Fig. 137a. 



The traverses can be adjusted graphically as shown in Fig. 137b. The firm 
line shows the traverse as first plotted, terminating at W' instead of “ Wood." 
W' is joined to “ Wood ” by a line, and short lines parallel to this are drawn 
through each turning point. The lengths of these short lines are made pro¬ 
portional to their distance from the terminal point. The pecked line joining 
their lower ends is the adjusted traverse. 


Fig 

(c) Coasting.—It is necessary to resort to a variety of expedients when the 
coastline is of such character that it cannot be walked over. In these 
circumstances, it is often possible to “ coast ” along the shore in a boat 
and to obtain a series of station pointer fixes close inshore ; from these 
the shape of the coast can be plotted with all required accuracy. 
Alternatively, though it may not be possible to fix close inshore, a series 
of stations can be made in a boat at distances of 200-300 yds. from the 
land and at each of these sextant angles and range-finder distances will 
be observed to all recognisable features. 

{d) Shooting up the Coastline from Boats.—When the shore cannot be 
approached owing to breakers, the surveyor must be content to shoot 
in as many points as he can identify on the high-water line from boat 
stations, at least three rays being obtained to every point. The results 
are not so satisfactory as those obtained by walking over the coastline, 
but on small scales, where minor sinuosities are not appreciable in the 
plot, a reasonably accurate representation can be attained. Often the 
necessary angles can be obtained whilst sounding, by stopping the boat 
temporarily at the inshore end of each line of soundings. 

Plotting the Coastline.^—Unless weather conditions are bad, it is advisable to 
plot the results of most of the observations in the field, finishing off each small 
section, e.g., between adjacent sounding marks as soon as the observations are t 
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complete. By so doing, the observer is less likely to mike mistakes and can 
fill in the detail whilst it is still fresh in his mind. There is the further advantage 
that, if errors of measurement have been made, they will be discovered at the 
time and the observer can retrace his steps and reobserve the angles and 
distances without much loss of time. Also, if any essential observations have 
been omitted, they will'be discovered at once and can be made. On intricate 
parts of the coast, it is often helpful to. draw a rough diagram on a large scale 
m the field book, and this can be consulted when the points have been plotted, 
and used for filling in the more involved features. 

In the example (Fig. 137) the plot is started at “ Nut ” and the first stage m 
the work is to plot the turning points of the traverse in order, i.e., a is plotted by 
protraction of an angle and distance from “ Nut,” h and c from a with a check 
angle into b from c, d from c, and so on. At /, an angle and distance to " Oak ” 
will have been measured and these should a^ee precisely with the angle and 
distance taken off the board. If they do not, it is evident that some mistake in 
observation or booking has occurred and the previous work must be checked. 
It is clear that the plot must be made with great care if agreement is to be 
obtained, since any errors are cumulative. The board must be provided with a 
scale on which distances (on the paper) can be taken off with an accuracy of 
1 /100th of an inch and set on the springbows or dividers. As the distances are 
short^—only an inch or so on the paper-—the angles can be laid off with an 
8-inch or 12-inch protractor with sufficient accuracy, but care must be taken to 
align the protractor exactly on the zero object. In this connection it should be 
noted that accurate protraction is easier from a long zero line and the coastliner 
should therefore endeavour to measure his angles from a reasonably distant object. 

When the turning points of the traverse have been laid down and a satis¬ 
factory closure obtained on the fixed terminal station, the intermediate points 
and the rays to other objects can be plotted from them. If some of the latter lie 
outside the limits of a protractor, a station pointer may have to be used. The 
high-water line should then be drawn in with a hard pencil and symbols to 
indicate the character of the foreshore added, the work being inked in on return 
to the ship. 

Coastline Records.—It is unnecessary to lay down any stereotyped method of 
recording the observations taken in coastlining, but the rule must be that all 
the observations used for plotting the work should be entered in the field book, 
so that a comprehensive record is available and could, if necessary, be used for a 
re-plot at a later date. Assuming, as in the example, that an observer is working 
along the coast from “ Nut ” to “ Oak,” using a level and staff, the observations 
might be recorded as follows : 

At Nut — : 10 yards within H.W. line : time 1030. 


To 

Zero. 

L. or R. 

Angle 

Distance 

Remarks. 





Yds. 


Nut 1 

Oak© 

R 

85 30 

40 

H.W. line; rock as far 

Nut 2 


R 

49 00 

65 

as a : rocky ledges 

Nut 3 


R 

48 30 

102 

extending 25 yds. 

Nut 4 


R 

33 10 

142 

between Nut 1 and 

L.T. Isleti.-, .. 


L 

20 50 


Nut 3 : drying sand 

R.T. Islet .. 


L 

17 10 


below this. Small 

Rock awash 


L 

3 05 


trees and bushes 

Pier head (d) 

"D” 

L 

15 50 


above H.W. line. 

Hill summit Is) 

"D” 

R 

11 20 



T.P. (a) .. 

Oak 0 

R 

27 05 

183 


At T.P. a : or 

i H.W. line ; time 1100. 



a\ 

" D " 

R 

39 10 

62 

Sandy shore. 

etc. 

etc. 

etc. 

etc. 

etc. 

etc. 
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Heights of Coastal Features.—The simplest method of measuring heights is 
usually by means of vertical sextant angles from a boat anchored and fixed a 
little distance off shore. The height can then readily be calculated by the 
formula: 

Height in feet = seconds x distance in nautical miles. 

The vertical angles should be measured above the high-water line (the height 
datum) if this can be identified from the boat; if not, they can be measured 
from the water level at the moment and subsequently corrected when the tidal 
observations are received. Other methods of determining heights will be found 
in Chapter VII; of these the aneroid is probably the most useful for coastlining 
purposes. (When inking in cliffs it is usually necessary to exaggerate them to 
some extent so that they will show clearly ; the base of the cliff must be correctly 
charted, but the top can be drawn far enough back to allow the distinctive 
penwork to be inserted.) 

USE OF Maps and Air Photographs.— The method of using land maps and air 
photographs for the purposes of topography is discussed in Chapters XIII and 
XIV. Though the use of land maps as a basis for reproducing the coastline 
cannot often be justified, this does not apply to the less important features 
such as narrow unnavigable waterways, the limits of swamps, etc. : these add 
to the completeness of the chart but, being of no great importance to the 
mariner, meticulous accuracy is not essential. 

Air photographs, provided they are of recent date, are often of considerable 
assistance in filling in coastline detail, particularly when an overlapping vertical 
series is taken along the line of the coast. From the hydrographic surveyor’s 
point of view, however, there are generally difficulties in making fully effective 
use of such photographs for coastlining purposes, for 

(a) Each photograph only shows the water’s edge at the moment of its 

exposure ; on shelving beaches this may be some distance from the 
high-water line, and it may not be possible to identify the position of 
the latter. 

(b) The photographs give little indication of the character of the foreshore 

and should therefore be supplemented by an inspection on the ground. 

(c) It is probable that existing air photography of the area being surveyed 

will not be suitable since the “ principal points ” of such photographs 
will often fall in the sea and unless ground control is dense and readily 
identifiable on each photograph there is no satisfactory method of 
fitting consecutive photographs together. 

For these reasons it is best to regard random air photography as a valuable 
addition to the normal methods of coastlining and to employ it chiefly for filling 
in the smaller and less important detail. It may, for instance, be particularly 
useful for plotting such work as the following : 

Outline of small islands. 

Shape and extent of drying reefs. 

Irregular sections of the coastline between fixed sounding marks. 

Narrow waterways. 

Mangrove-fringed coast which is difficult to fix from the ground in the 
ordinary way. 
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CHAPTER XIII 
TOPOGRAPHY 

Requirements of a Hydrographic Survey 

From a cartographic standpoint, the term “ topography ” implies the fixing 
and delineation of the land features. A chart is a guide over the sea, and in 
consequence, soundings, which indicate the form of the sea bed, are the most 
important part of it; nevertheless, in coastal waters the mariner is chiefly 
guided by the land and a chart must therefore represent the visible land features 
in such fashion that they will be readily recognisable and will enable him to fix 
the position of his ship in relation to them. The amoimt of topography needed 
in a hydrographic survey depends on circumstances, but as a general rule the 
aim should be to show all the land features which are visible from the sea, and 
as much additional detail between the most distant features and the coast as 
time allows, in order to give completeness to the picture. It is obvious that on 
large-scale charts distant hill summits, etc., will be outside the borders of the 
sheet and cannot be shown, whilst on small scales it may be necessary to leave 
between such summits and the coast a considerable amount of “ dead ground ” 
which may be described in some general manner, e.g., “ undulating country, 
densely wooded.” 

In hydrographic surveys the governing factor in topographical work is 
usually the time available. Anything very elaborate, involving the detention 
of the smrveying imit for a long period after the soimding and coastline are 
completed, carmot often be justified. Assuming, however, that sufiflcient staff 
is available to undertake topography simultaneously with sounding, there will 
generally be time, before the latter is completed, to produce a satisfactory map 
of the principal land features consisting of natural objects, such as hill 
summits, rivers, lakes, marshes, woods, etc., and artificial objects such as 
buildings, towns, flagstaffs, roads, railways, etc. In addition to these, contours 
or form lines are required to indicate the height and shape of the ground with 
a reasonable degree of accuracy, though not necessarily with the precision found 
in a good land survey. From the hydrographic surveyor’s point of view it 
is fortunate that where the topography is complicated by the existence of 
towns, railways, etc., the results of intensive civilisation, and where the work 
would consequently be laborious, there usually exist good large-scale maps from 
which the detail can be transferred to the chart with all required accuracy. 

The representation of the land features is effected by the use of recognised 
symbols, and in the emplo5nnent of these a certain latitude must be allowed 
to the draughtsman in order that essential detail may be clearly shown. This is 
particularly the case on small scales where isolated houses, roads, bridges, etc., 
cannot be drawn true to scale without making the symbols very minute, and it 
is permissible to exaggerate their size to some extent in order that they may 
be easily seen on the map. Similarly, in the case of towns, it is impossible to 
show all the individual streets clearly on any scale smaller than about 1/12,500, 
and it is usual to block in areas between the main streets, or even whole towns, 
so that only the more important and conspicuous buildings are clearly defined, 
the limits to the other houses being merely approximate. 

Use of Existing Maps.—The hydrographic surveyor should always endeavour 
to obtain copies of any land maps covering the coast of the survey. Such maps 
will usually show much more topographical detail than could normally be 
fixed during the progress of the hydrographic work and their use will be a great 
saving of labour. Some discretion, however, must always be exercised in their 
selection and emplo3mient, particularly if it is necessary, to square up. i.e., 
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Fig. 138 \ ^ 

increase the scale of a map. Surveys executed under govenywCnt auspices can 
generally be relied on to be sufficiently accurate for hydrographic purposes, but 
the same cannot always be said for other types. In any case it is desirable to fix 
during the progress of the hydrographic work a few points appearing on the 
land map which it is proposed to use for the topography. The angles and dis¬ 
tances between these points can be checked on the map against those on the 
plotting sheet, and a very good idea of the accuracy of the land survey can then 
be formed. It is also necessary to inspect on the ground, as far as this can be 
done, the features apptearing on the map in order to ensure that, where changes 
have occurred, out-of-date material is not reproduced on the chart. 

The usual method of transferring topography from a map to'a chart is by 
the process of squaring up or down. Two points shown on the map and situated 
near opposite ends of the survey area are fixed in the hydrographic survey and 
are joined on the map and on the field board by a straight line which is common 
to both surveys. This line is used as a “ base ” for the squaring up or down 
process and the relative scales of the two surveys are found by a comparison of 
its length on the map and field board. It is essential to make certain that the 
selected points on the map have been correctly identified when they are fixed 
in the hydrographic survey. The base lines are divided into any convenient 
number of equal parts (the same number on each) in such a way that oii the 
smaller scale the divisions are not more than J in. apart. From the divisions. 















257 


Chap. XIII 

systems of corresponding squares are drawn on either side of the ba^ lines 
extending sufficiently far to cover the area. In addition to the base line ter¬ 
minals it is advisable to fix on the ground one or two other points appearing 
on the map and the position of these in their respective squares should be 
checked to ensure that there is absolute agreement. Example ; 

Fig. 138 is a portion of a map on a scale of 1/21,800, which it is required to 
square down to 1/50,000, the scale of the hydrographic survey shown in Fig. 139. 
A and B, a flagstaff and a lighthouse, trigonometrical points of the hydrographic 



survey,.lie near the limit of the area and can be identified on the map and the 
line AB is therefore used as the " base.” This is divided up as shown in the 
figures and a system of corresponding squares is drawn to cover the area ; 
it is convenient to number and letter the lines or squares 1, 2, 3, and a, b, c, etc., 
to prevent mistakes in transferring the detail. Great care must be taken in the 
construction of the squares ; any error in drawing them will result in inaccuracy 
when the detail is transferred. In this case the positions of two soimding ntiarks 
c and d, plotted on the field board, are also identified on the map and it will be 
noted that, when the squares are drawn in Fig. 139 the marks are found to 
occupy the same positions as they would if transferred from the map, thus 
furnishing a satisfactory demonstration of its accuracy and a proof that the 
points A and B have been correctly identified. The topography, consisting 
in this example of roads, houses, contours, trees, etc., is transferred to the field 
board by means of a pair of proportional dividers adjusted to the ratio of the 
two scales, the detail appearing in each square on the original being transferred 
b}' measurements on the dividers from the sides and comers of the square in 
which it lies, to its position in the corresponding square on the copy. In making 
the copy it is necessary to omit many of the less important topographical details 
which cannot well be shown on the reduced scale and some features, e.g., the 
width of roads and cliffs, must be ex^gerated. 

The process of squaring up is done in a similar manner to squaring down, but 
any error in the original is increased, so that the results are not always satis¬ 
factory and careful consideration must be given to the question of whether they 
will fulfil the requirements of accuracy. 

Enlarging and reducing may be done more easily and quickly with an eido- 
graph or pantograph if available. A description of these instruments is to be 
found in most books on surveying instruments and in makers’ catalogues. 
Their operation presents no difficulty and the only adjustment required is that 
of setting the scale-bars for the required ratio of the scales of the oi^inal and 
copy. The ordinary photographic processes of enlarging and reducing are, of 
course, the most convenient when the necessary apparatus is available. 
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Topographical Work in the Field 
Methods Used in Hydrographic Surveys.— The methods adopted for filling 
in the topographical detail of a hydrographic survey must be varied to suit the 
character of the land features, the scale of the survey and the time available. 
The more important hill summits and other conspicuous objects should be 
fixed and should have their heights determined by theodolite angles from the 
main and secondary stations and sounding marks. When these points have 
been plotted, they provide a framework of control in the horizontal and vertical 
planes and are of great assistance in interpolating other detail which is usually of 
less imjxirtance on the chart. A separate field board should be prepared for the 
topographical work and should show the positions and heights of all the fixed 
stations in the survey and of any other points to which observations have been 
obtained ; the coastline should also be shown, as a knowledge of its position and 
shape is usually a valuable guide to the form of the hill features in its vicinity. 

The normal procedure in topographical work is for an observer to examine 
as much as possible of the required area by occupying a number of points on 
the ground where he can fix his position in relation to the marks of the survey 
and can obtain a good view of the surrounding country. At each fixed point 
the observer determines the height and observes rays, elevations and depres¬ 
sions to any other prominent and easily recognisable features. With the aid of 
a theodolite, clinometer or telescopic alidade, the heights of any intersected 
points can be found and will provide data for sketching in the contours. It is 
usually best to work along the highest part of each ridge of hills and on the spurs 
which extend from them, occupying any marked eminence and from there 
ob^rving rays to other summits and to any recognisable features at the lowest 
points of the neighbouring valleys. With a few additional observations to 
marks at intermediate levels, e.g., conspicuous trees, houses, outcrops of rock, 
etc., there should then be enough data to draw in the contours with sufficient 
accuracy fou the purposes of a chart. 

The observer may fix his position by sextant or theodolite angles or with a 
plane table, whilst on small scales a compass will often do well enough. He 
can determine his height at each occupied point by vertical angles, with a theo¬ 
dolite or telescopic alidade, to other points of known position and height, or 
with an aneroid. No hard-and-fast rule can be laid down as to the best type of 
instrument to use in topography. In wooded country it will be impossible to 
occupy many points on land that command a good view, and it may be necessary 
to plot most of the land features from an analysis of a series of views taken 
from ship or boat stations off shore. For the mapping on large scales of towns 
and villages and other involved tojxigraphical features, it is usually necessary 
to resort to traverse methods and a level fitted with a horizontal circle or a 
theodolite may be the most convenient instruments to employ. The land sur¬ 
veyor, however, does the greater part of his topographical work with a plane 
table and this is undoubtedly the best instrument to use in most cases. 

Plane Table.—-This instrument consists of a board mounted on tripod legs in 
such a way that it can be adjusted to the horizontal and turned in azimuth, 
and an alidade for observing rays to the various objects it is required to fix. The 
positions of the fixed marks of the survey, magnetic meridians and scales of 
miles and cables and feet should be transferred from the plotting sheet to the 
plane table which is mounted with paper in the same manner as a field board. 

Plate O shows a plane table and a telescopic alidade. The various parts are : 

A, telescope levels. 

B, levels for adjusting the board to horizontality. 

C, pafallel bar. 

D, compass. 

The board is levelled by levelling screws on the tripod head. A clamp and 
slow-motion screw are provided for orienting the board. The telescope pedestal 
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carries a vertical arc, reading to minutes, and sensitive levels. The telescope is 
fitted with stadia wires for tachymetric measurements. 

Many simpler types of plane table are made. In these an open-sight alidade 
is used and the board is generally secured to the tripod head by a ball-and-- 
socket arrangement which permits adjustment in tilt and azimuth; a loose 
spirit level placed on the board enables it to be adjusted into the horizontal 
plane. Such a plane table, fitted with an open-sight alidade, is much lighter than 
that illustrated in plate N and serves for many purposes just as well. The draw¬ 
back to it is that it may be difficult to intersect a distant object accurately with 
the open sight and, as heights by vertical angles and distances cannot be 
measured unless a clinometer is provided, some auxiliary equipment, e.g., an 
aneroid and range-finder, must be carried when such measurements are required. 

Setting Up and Using the Plane Table .—If the instrument is to be set up at 
some previously fixed point, the procedure is very simple. Having levelled the 
board, the alidade ruling edge or parallel bar is aligned on the prick holes 
marking the observer’s position and some other distant mark in the survey. 
The board is then turned in azimuth until the distant station is intersected 
with the alidade sights and the table is then correctly oriented and can be 
clamped in that position. To prevent any possible mistake in identification, 
the alidade should be directed on another fixed point and its ruling edge should 
be parallel to the line joining the prick holes representing the observer’s position 
and this second object. 

When the instrument is set up at some as yet unknown position, it is neces¬ 
sary to fix by the method of graphic resection. As with the sextant and 
station pointer, three marks must be selected which will give a good fix and 
the observer’s position is determined from the directions and intersection of the 
rays to them. Suppose, for example, three stations A, B and C (Fig. 140) are 
visible and are suitably disposed to afford a good fix. 

Having set up and levelled the table, place the compass trough along a mag¬ 
netic meridian (which should have been previously drawn), turn the board until 
the needle is central and then clamp the board. Intersect station A with the 
alidade sight, and alining the ruling edge or parallel bar on the prick hole A 
on the board, draw in the ray ha. Similarly with the stations B and C, 
draw in the rays B6 and Cc. The result will usually be a small triangle of 
error, as shown in the figure. The position of the observer must be a point 



where the three rays would meet if they were all turned through equal angles in 
the same direction, clockwise or anti-clockwise, the distant station being 
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regarded as the centre of the clock in each case. It will also be noted that the 
distance of this position from each ray is proportional to the observer’s dis¬ 
tance from each station. The true position can be interpolated fairly accurately 
by eye at the point x (if the triangle of error is not too large), and is the only 
one which fulfils the above requirements. At first sight it might be thought that 
the observer’s position could be in the space marked x', since all the rays might 
be swung anti-clockwise in that direction, but a moment’s inspection will show 
that no position in this space can be at a distance from the rays proportional 
to that of the observer from the stations. It is convenient to remember that, if 
the observer is situated outside the triangle formed on the earth by the three 
distant stations, his position is outside the triangle of error, and vice versa. 

Having obtained a fairly accurate position for x by this means, align the 
alidade edge on prick holes marking this position and the most distant station, 
in this case C, and turn the table in azimuth until C is intersected with the 
alidade sights, clamp up cmd draw in the ray Cx. Intersect A and B successively 
with the sights, at the same time aligning the alidade edge on the prick holes 
marking those stations, and draw in these two rays. If the previous interpola¬ 
tion has been good, the three rays will now meet in the point x ; if not, there 
will be another triangle of error, but this will probably be of such small propor¬ 
tions that a final interpolation can be made by eye with all required accuracy 
and a small further alteration in azimuth will orient the board correctly. As 
a final check, align the alidade edge through the accepted position and the 
prick-hole marking a fourth station and see that the latter is then intersected 
with the sights. When only two distant stations are visible, it is necessary to 
rely on the compass for correct orientation and fixing. This method is not so 
satisfactory, but can be used when the rays are short, i.e., are represented by 
measurements of only a few inches on the paper. When the observer’s position 
has been determined and marked on the board, rays to any other points may 
be drawn in with a chisel-edged pencil by intersecting the distant objects with 
the alidade sights and at the same time aligning the alidade edge or parallel bar 
through the observer’s position. 

The chief advantage of using a plane table in preference to a theodolite for 
topographical work is in the saving of clerical work. Directions or rays are 
drawn as soon as they are observed and there is no need to observe and write 
down a large number of horizontal angles and plot them with a different 
instrument. 

Suppose it is require to sketch in the topographical detail shown in Fig. 141 
with the aid of a plane table and an aneroid. 

Landing near F, the aneroid reading is checked at sea level and the observer 
proceeds to the point a. Here he obtains his own height with the aneroid, sets 
up the table and resects from A, C and B, with a check ray to F. Rays are 
observed to a small waterfall a' on the stream south-westward of him and to 
any other conspicuous and easily recognisable marks, and the contours in the 
immediate vicinity are sketched in. Proceeding on to b, on the shoulder of the 
hill, he sets up and fixes himself and carries out the same procedure. If the 
instrument has a telescopic alidade the height of b can be determined by a 
depression to the water-line of the islet B (see Chapter VII). Similarly at the 
other points c, d, e, etc., the track followed being shown with a pecked line. 
“ e,” it will be noticed, is the previously fixed point C, so at that point no 
resection of position will be necessary and if, as is probable, its height has 
already been determined, it will be possible to check the aneroid. Rays to 
interifiediate points such as the houses c', a conspicuous rock d', the tree clumps 
b’ and e' are of great assistance to the observer in drawing in the contours 
correctly. On reaching sea level the aneroid is again checked, and on return to 
the ship a curve should be drawn of the mercurial barometer readings dumg 
the day, so that the atmospheric pressure changes can be applied as corrections 
to the observed aneroid heights. (See also Chap. VII, pp. 153 and 154.) 
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Contouring and Form Lines.-Contours are generally recognised as the most 
suitable m^s o{ depicting the shape of the land ot ‘^^rts though other 
methods e g. hachures, were often used in the past. Graded colour washes to 
supplemm/the contours such as are used on land 
on charts, but shading on the south-east slopes of ^^e hills is a useful 
The vertical interval between contours must be yaned f 
of the land and the scale of the survey. In low-lying country a hill 60 ft. high 
is an important feature and it may be desirable to have ^paced at on^ 

10-ft. vertical intervals. In mountamous country, however, conbims at 50 ITO 
or wen 250 ft intervals may be all that are necessary to show the shape of the 
ground, and on small scales it is obvious that very close spacing is impractmable 

The ordinary method of sketching in the contours froin the ^ound is that 
described in the previous paragraphs, and this is generally sufficient for th 
ourooses of a chart. It is clear, however, that no very great accuracy is obtam- 
abl^unless the number of plane table stations is multiplied almost indefinitdy. 
men Uttle time is available for the to^graphical part “J^he survey it is best 
not to attempt contouring in the strict sense of the word. The shape ot ttie 
hill features can in such cases be shown with form lines '^hwh m^ S^eTfs^tfat 
as eeneralised contours. The only essential requirements for form lines is that 
Sa^sS^rndicate diflerant da^s of slope raa»nably '’S'‘«“eyXSd 
up closaly on steap slopes and opened out on gentle ones and that they should 
show the limits of each feature with tolerable accuracy. 

Instrumental CoMtowrs.—This is a much more precise method than the above 
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but is necessarily slow and laborious. The procedure is as follows Startmg 
from some known height—usually sea level in the case of the hydrographic 
surveyor—the observer runs a line of levels (see Chapter VII) until he amv^ at 
someLected contour, e.g., the 100 ft. level. Setting up the level at thisj^mt 
a fix is obtained and the height of the telescope above the groimd is ineasured . 
say this is 4 ft. An assistant with a levellmg staff is then ^ected to w^ 
with it as nearly as possible along that contour, stopping and holding up the 
staff wherever a marked change in the direction of the contour e^ch 

Sopping place, the levelUng staff must be moved up or down hill until the 
telescoM intersects the 4-ft. mark on the staff and to that point a horizontal 
angle ^d tachymeter distance is observed. When the assist^t has covered a 
distance of 300 yards or so, he stops and the level is brought forward and set 
^Sr„rsLion. The is .to end thus a s ^ 

along this 100-ft. contour. Similarly, with other contours, e.g., at ^ amd 3W 
ft and when these have been plotted, intermediate contours are drawn in by 
eye from the ground. This method of contouring may sometimes be used by 
tL hydrographic surveyor when working on large scales and m open country, 
but uLally time will not allow the use of such elaborate methods. 

Mapping of Towns and Villages.—On small scales any attempt to make an 
accurafe^lan of a town or village can hardly be justified in a 
survey It will be sufficient to show the more conspicuous buildmgs, which can 
usually be fixed by angles from points in the surroundmg country or ^at 
stations and to indicate the limits of the built-up area approximately. On toge 
scales however, it is necessary to show at least the mam struts ^d blocks of 
houses correctly on the chart and the best method of effecting this is usually 
by means of a traverse through the streets. The most suitable instruments are a 
pfane table with open-sight alidade, a small range-finder, a pocket compass and 
a tape measure. 



Fio. 142 


, Suppose it is required to make a plan of the village shown m Fig. 142. ^ttmg 

up tffjlane table at a, the observer fixes his position by 

ably disposed marks and measures the lengths and bearings of tje J 

in red) to comers of the nearest houses. Similarly at i c,ji, etc., a traver^ 

being run through the village to/where the observer finds 

fix his position by resection from the survey marks and satisfies 

accuratrclosure of the traverse has been made. When jwssible, two or more 

rays from different stations should be obtained to each buildmg whilst its exact 

shape and orientation can be determined with the compass and 

Owing to the large amount of detail, this form of topographical work is v^ 

slow, but fortunately for the hydrographic surveyor sufficiently accurate to^ 

plans are generally obtainable from local sources and he can conftnt his 

FalMurs to minor corrections and additions to the material shown on the 

existing maps. 

The methods of ranning traverses are described in Chapter VI. They may ^ 
applied to topographical features such as the above and are also useful for fixmg 
roads, railways, boundaries, etc. 
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Topography from Sketches.— In wooded country it is hardly feasible to do 
much topographical work by traverse methods or plane fable. A very useful 
alternative m such cases is afforded by making sketches of all the visible land 
features from fixed positions on land or from ship and boat stations off the 
coast. The outlme view of all the hills and any other easily recognisable objects 
is drawn on squared paper approximately to scale, and vertical and horizontal 
angles are observed to all the more prominent features. On the sketches, the 
^ale used for the vertical angles should be somewhat greater than that for the 
honzontal angles (except perhaps in very hilly country), a vertical scale U or 2 
times the horizontal scale is convenient. Too much time need not be spent in 
a.ttemptmg to make a very perfect sketch; certain features may often be a 
little exaggerated with advantage either in height or breadth if thereby it will 
be easier to deduce their character from the picture. It is. however, important 
that every object should be correctly placed in the sketch, to the right or left 
above or below other neighbouring objects, as they are actuaUy seen from the 
observer s view point. The horizontal and vertical angles to the hill summits 
and other conspicuous detail are measured and recorded on the sketch and 
provide data from which positions and heights may be determined. 

A good representation of the topography of the coastal region can be produced 
from a series of sketches made from boat stations offshore. 

The procedure is as follows : 

A field board is first prepared showing the positions and heights of the main 
and secondary stations and sounding marks, the coastline and any other 
topographical detail already obtained. This board, drawing instruments, tables 
of logarithms (for computing heights), station pointers, and a sextant for the 
observations should be taken in the boat. 


Anchor the boat about miles off shore, or rather more if the land is high 
and fix m the ordinary way by sextant angles. Sketch in the topography as 
shown in View A, Fig. 143, observing horizontal and vertical angles to all the 
more prominent features. Proceeding a short distance along the coast make a 
second sketch embracing roughly the same part of the land, as illustrated in 
View B Fig. 143a. As the boat proceeds from A to B, the observer should watch 
the land features very carefully so that the hill summits, etc., which have been 
lettered m View A may be correspondingly lettered in View B. The appearance 
of the land often changes very rapidly as the view-point is altered, especially 
if some interval has elapsed between the occupation of the two boat stations 
and the sun has moved round. This is illustrated in Figs. 143 and 143a, where 
It will be noted that the light is coming from the right in View A and from the 
left in View B. 


After completing View B, proceed to position C and carry out the same 
procedure until a series of views has been obtained. The time at which the 
various positions are occupied must be noted so that calculated heights may 
subsequently be corrected for height of tide. The number of views required will 
depend upon tircumstances, but five will usually supply sufficient information 
to cover a fairly large area. 

To the more iinportant summits it is desirable to obtain three or more hori¬ 
zontal angles to insure against errors of observation and plotting but for the 
minor detail two shots will generally suffice, as a useful check against mistaken 
Identity of any point is provided by the agreement in its height as determined 
from the two independent vertical angles. All horizontal angles should be 
plotted before each station is left, and as soon as enough observations have 
been secured to fix a summit its height should be calculated by the methods 
given m Chap. VII, and provisionally recorded on the field board, the series 
of spot heights provide a basis for drawing in the contours. 
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Fig. 144 

The resiilts of analysing the sketches from A and B (Figs. 143 and 143a) are 
shown in Fig. 144. 

After completing a series of sketches from stations off shore, it will often be 
found advantageous to steam slowly down the coast on the opposite course, 
stopping as necessary from time to time to sketch iirthe general formation of 
the hills. On return to the ship the records of the tidal movement during the 
day should be consulted so that any necessary corrections can be applied to 
the heights determined from the vertical angles. When the country is wooded 
it may be necessary to take the vertical angles to the tops of the trees; in 
this case a note should be made on the chart that the heights do not refer to the 
ground level. 

When sketches are made from land stations a theodolite should be used for 
observing the horizontal angles and the elevations and depressions; they have 
this advantage over sketches from boat stations that the observations are more 
accurate ; but a better view-point is usually obtained from the sea and many 
more stations can be occupied within a given time. Such theodolite sketches 
should, however, always be made when opportunity occurs as they take very 
little time and are of great assistance in fUhng in the topographical detail. 

Panoramic photographs offer an alternative to sketching, but for the type of 
work considered here they are hardly likely to be of great use. The advantages 
of a sketch over a photograph are that there are no restrictions as to scale and 
that it is possible to exaggerate any particular piece of detail which may be of 
importance but is hardly recognisable on the photograph. Unless the light is 
favourable, hills in the foreground will hardly be distinguishable against those 
in the background on a photograph, but in sketching they may be carefully 
examined with a pair of binoculars and drawn in correctly. 
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CHAPTER XIV 

SURVEYING FROM AIR PHOTOGRAPHS. 

This chapter deals only with methods of plotting topography from air 
photographs using such simple equipment as is likely to be found in H.M. 
Survepng Ships. The methods outlined are graphical since it is unUkely that 
the larger precision instruments will be available afloat. 

For the sake of compression some definitions of terms, theory and many of 
the proofs pf formulae have been omitted ; reference to “ A Simple Method of 
Surveying from Air Photographs," by Lt. J. S. A. Salt, R.E.,* and " Air 
Photography applied to Surveying,” by Major C. A. Hart, R.E.,* should be 
made for these. 

In addition to the time saved in obtaining topographic detail, the use of 
air photographs will often be found to overcome difficulties met with in ground 
surveying. Among these are : 

(i) Access to difficult ground. 

(ii) Restricted view in flat enclosed country. 

(iii) Maintenance of detached parties. 

(iv) Restricted activities of ground parties in bad weather. 

An additional difficulty may arise in time of ' ar, namely, the denial of 
ground by the enemy. 

Procedure Preparatory to Photography.—The authorities who will undertake 
the photography must be supplied with as much information as possible of 
what is actually required. 

A tracing or marked map should be sent, with a “ brief," showing actual 
flight lines and areas to be covered by each strip of photographs. The import¬ 
ance of preserving straight courses, constant height and of keeping tilts of 
the aircraft to the absolute minimum should be stressed. If the lenses and 
cameras available are known, the focal length of the camera lens and the height 
at which the photography is to be carried out should be specified in order to 
obtain photographs at the required scale. It will save much time later if 
photography can be carried out at or near the scale required for plotting. 

If the camera used for photography is not fitted so that it also photographs 
a clock and an altimeter, the authorities who carry out the flight should be 
requested to furnish full information of times of photography and heights 
flown. 

The overlap of successive photographs of a strip should be not less than 
60% and of adjacent strips 25%. 

In organisations where a large number of reconnaissance photographs are 
received for processing it is customary for machinery to be used in the processing 
operations. This often results in slight distortion of the finished picture and 
for this reason it is desirable to request that the photo^aphs should be hand 
processed. If topographic-base film and waterproof printing paper are available 
.they are naturally to be preferred. 

It will generally be necessary to order four sets of photographs of the area 
flown. One of these will be required for the graphical triangulation, one for 
spot heighting and contouring if this is done and one for forwarding with the 
results of the survey. A fourth set will prove useful for taking into the field 
for the identification of ground control points and for ground interpretation 
and from which to replace photographs which may be damaged inadvertently. 

Ground Control.—^This is a matter requiring careful attention, particularly 

1. H.M. Stationery Office. 2. Longmans, Green and Co. 
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in uncivilized areas where maps are either unreliable or non-existent. Results 
obtained by the Air Survey Committee of the War Office indicate that a plan 
to a scale of 1 /26,000 can be made as accurately as any ground survey, with 
ground control provided by a triangulation whose sides are 10-12 miles in 
length. For navigational requirements of the aircraft, however, closer ground 
control may be desirable. 

It will be necessary, in the absence of easily identifiable ground objects, to 
mark on the ground the required control points so that they will be visible 
from the air, and appear on the photographs. Points used as main stations in 
the triangulation are most suitable, the photography being deferred until these 
have been selected and marked. 

It is desirable that some control points be situated near the outer limits of 
the area to be surveyed since the necessity for extending the graphical triangu¬ 
lation by uncontrolled extensions will not then arise. Any method of marking 
in the field may be adopted. Whitewash on dark areas and ashes on light are 
quick and simple. 

Plotting—Gonoral.—Although not absolutely essential it will be a very 
great advantage to make a " light table ” as shown in Fig. 146. This consists 



Fig. 145 

simply of a low table with a sheet of glass let in flush with the top. The glass 
should be about 12 in. square arid the height should permit a table lamp of 
the “ Anglepoise " type to be laid on its side underneath. Prick-holes in 
photographs laid over the glass show very clearly as minute specks of light and 
greater accuracy can be achieved. 

All lines drawn on photographs in colour should be as fine as it is possible 
to draw them. The medium used should be water colour paint not waterproof 
ink since if a mistake is made a damp cloth will effect a clean erasure of the 
former without in any way damaging the photograph. 

Prick-holes must be very small and intersecting lines through them must 
be drawn with the greatest care. The most/meticulous accuracy must be 
preserved throughout all operations if cumulative errors are to be avoided. 

Preparation of the Photographs.—^These should first be laid out to form a 
rough mosaic and it should!:« checked that the requisite area has been covered, 
the overlaps are adequate and that the photograph numbers are consecutive, 
i.e., that the Veeder counter in the camera has not jumped two steps or that a 
photograph is not missing; inspection of the overlap will show if either has 
occurred. 

If more than one strip is being dealt with, " tie points ” should be selected at 
this stage. These are points of ground detail lying in the common overlap 
between strips, the points at the ends of the strips being known as " end ties.” 
They should be chosen bearing in mind the following requirements : 

(a) They must form well-conditioned triangles when intersected from the 

principal points of three adjacent photographs of one strip. If 
possible they should also give good intersections from the principal 
points of photographs in the adjacent strip. 

(b) They should be the points which will later be used for " minor control 

plotting ”. If this cannot be arranged additional points will have to 
be selected later. 
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(c) At least one tie point must be intersected at every three overlaps, 
but as stated above it is better for points used in the minor control 
plot to be selected so that they will serve as tie points as well. (See 
under " Minor Control Points.") 

No special attempt should be made to select points which will later be of 
topographic importance when detailed plotting begins. End ties and tie points 
should be’circled with soft pencil on the face of the photographs and marked 
E.T. and T.P. respectively. The mosaic may then be broken up. 

These ppints must now be accurately pricked on the photographs. They 
must be of such a size that the lightest of prick-holes will completely cover 
the feature selected. “ The middle of that black bush ” or “ the apex of the 
shadow of that tree ” will not be accurate enough. Ground control points 
should also be identified, pricked, enclosed within a pencilled triamgle and their 
names written oii the backs of the photographs. 

The photographs should then be sorted into their respective strips in order. 

It should noted here that mass repetitive operations, such as drawing the 
base lines (see below) on all photographs, etc., leads to boredom and consequent 
inaccuracy, and therefore should be avoided. An assistant should carry out 
the minor control plot of a strip in its entirety. If the work is being done single- 
handed, one strip, as a rule, should be completed before the next is started. 
MINOR Control Plotting. 

The principal point of each photograph (i.e., the foot of the perpendicular 
from the internal perspective centre to the plane of the photograph) must first 
be pricked. 

If the actual position of this is known from the camera calibration figures 
a tempkte can be made on Kodatrace showing its position in relation to the 
collimafting marks on the photographs and applied in succession to each 
• photograph. In a great many cases this will not be known and the intersection 
of the lines joining the collimating marks is used. This intersection point may 
be pricked either by preparing a template to fit the collimating marks or by 
scribing short lines between them on the face of each photograph and pricking 
their intersection. The principal point having been pricked is marked in red 
with a small diagonal cross. 

The principal point base lines (or base lines) have now to drawn. These 
<vre lines drawn on each photograph joining its principal point to the photo¬ 
graphic positions of the principal points of the preceding and following 
photographs. A quick and accurate method is as follows : 

Fig. 146 shows two photographs A1 and A2 whose principal points are at 
P.P.l and P.P.2. 



Fig. 146 


These p)oints will not generally fall on any well-defined point of detail but 
an attempt is made to estimate, and mark with a pencil, the position of P.P.2 
on photograph A1 at 2'. Line up P.P.l and 2' against a straight edge and 
score with a pricker a short line through P.P.l. Any error in estimation of the 
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position of 2' will not appreciably affect this short line. Instead of trying to 
estimate the position of P.P.l on A2, select some well defined point of detail 
on the short scored line through P.P.l. 

On photograph A2 join this point of detail to P.P.2 and the base line on 
photograph A2 is correctly estabUshed. The base line on A1 can now be drawn 
by drawing a red line from P.P.l which ever3rwhere cuts the same points of 
detaul as that drawn on A2. ... 

The base lines should be produced on the opposite side of the principal pomt 
and drawn as short “ tails ” at the edges of the photographs. 

Fig. 147 shows a photograph with the base lines and tails marked on it. All 
photographs are marked similarly. The ehd photographs of each strip, of 
course, only have a single base line drawn on them. 



As a check on the correct drawing of the base lines, each pair of photographs 
should be turned through 90° to the direction of their common base lines and 
viewed through a stereoscope. If the common base lines when in stereoscopic 
fusion appear to lie on the ground the marking has been correctly done. If 
they do not, another attempt must be made. 

The base lines and their tails are now inked in red with the finest lines 
possible. 

A difficulty sometimes arises that the principal point of a photograph falls 
on a point of no detail such as the middle of a lake. In such a case an accurate 
base determination may be made as follows (see Fig. 148): 



Lay photograph A1 over A2, matching the detail as nearly as possible 
around P.P.2 and as before estimate the position 2'. Make a short score 
through P.P.l and by observing detail along this line draw the base line on 
photograph A2. Now select a point of detail C on the base line of photograph 
A2, identify this point at c on photograph Al, join P.P.l to c and produce it. 

The base line on photograph Al is not a good determination, but it can be 
strengthened as follows (see Fig. 149): 
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Select two points on photograph A2 which satisfy the following conditions : 

(а) They should be at nearly the same height. 

(б) They should lie at approximately equal distances from the base line. 

(c) The line joining them should be roughly at 90° to the base line. 

(d) They should be as close to the base line (and to P.P.2) a= 



On photograph A2, measure with springbow dividers the arc from 1 to 
the base line. Identify this point on photograph A1 (at 1) and scribe the arc 
with centre 1'. Repeat this process with pomts 2 and 2 and the two arcs and 
the base line on photograph A1 should be tangential. In practice the arcs wd 
not always be tangential to each other but the mean of the two tangents iral 
give the position of the base hne. If the discrepancy is large the most probable 
ca^e is a difference of height between points 1 and 2 and another pair of 
pomts should be chosen. 

Minor Control Points.— The minor control points must now be chosen to 
supplement those used as tie points. These minor control pomts should be 
points of detail lying in the common overlap of successive photographs on each 
side of the base line. 

The photographs of a strip are placed in a pile, consecutively on the right 
of the observer and Nos. 1. 2 and 3 of the strip are taken ^d Imd out with 
No. 1 overlapping the left side of No. 2 and No. 3 overlappmg the nght side 
of No 2 Three strips of common ground are now lying alongside each other. 
Points A and B are chosen on photograph 2 opposite Q, the principal pomt, so 
that they are about equidistant from Q and that QA and QB are about equal 
to Qp or Pq. They are identified on photographs 1 and 3 at ai bi and a* b* 
respectively and these six points are carefully pricked. 

1 2 3_ 



1“ V 


Photograph No. 1 is now placed on one side to the left of the observer and 
photograph 4 is taken from the pile. Points C and D are chosen on photograph 
No. 3 and identified at Ci dj on photograph No. 2 and c* dj on photograph 
No. 4. These six points are pricked and the foregoing operations are repeated 
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throughout the strip. It is to be noted that many of these minor control points 
will also be the tie points originally selected. 

The rest of the work is done over the light table. 

Each photograph is taken in turn and fine lines radiating from its principal 
point are drawn in red through the minor control and tie points! These lines 
should extend about half an inch on either side of the prick holes, their lengths 
being dependent on the variations in height of the country. Experience will 
soon show what length to draw them ; it is better to draw them too long than 
too short. The photographs will now appear as in Fig. 150. 

It will be noticed that the principal point base lines and their tails are 
shown. The small ticks indicating the positions of the minor control points 
and their letters shown in the figure are not marked on the photographs. At 
this stage rays should also be drawn through any tie points which it has not 
been possible to use as minor control points, also any trig points which appear 
on the photographs. 

Graphical Triangulation.—^The photographs of a strip are laid out witli a 
rough fit and a piece of Kodatrace is cut to include the area of the strip and 
leave a margin to spare. 

The first photograph is then laid on the light table under the Kodatrace 
and orientated so that, working from it, the remainder of the photographs will 
fall within the limits of the Kodatrace. 

The Kodatrace and photograph are then weighted down and the base line 
Pq drawn on the Kodatrace in blue. It should be produced for a distance 
rather more than its own length. 

The position of ai on the photograph is pricked and circled on the Kodatrace 
and the radiating line through bj is drawn in blue, as is all subsequent work. The 
correct superposition of plotted work in blue over the lines in red on the phot- 
graphs can be readily checked since the two colours will combine to form a 
clear heliotrope. 

The first photograph is removed and the second placed underneath the 
Kodatrace. It is positioned so that its base line pQ lies under the plotted base 
line Pq, the extension of the latter giving a more precise orientation by 
coinciding with the tail on the photograph. The Kodatrace is now slid over 
photo^aph No. 2 along Pq until the radiating line through A passes through 
the pricked position of ai on the Kodatrace. The fit of the base lines is checked 
and the Kodatrace weighted down. 

The forward base line Qr and its extension is now drawn and also the lines 
through B, Ci and di. Fig. 151 shows the state of the minor control plot at this 
stage. 



Fig. 151 


Fig. 152 


The second photograph is now removed and the third placed under the 
Kodatrace. It is positioned as before so that the plotted line Qr lies over the 
line on the photograph qR and the Kodatrace is slid along qR until the ray 
through aa is under the pricked position of ai and A. The ray through b* 
should now be seen to make a perfect intersection with the plotted rays bi and 
B on the Kodatrace. If it does not, an adjustment must be made which is 
explained later under “ Triangle of error.” 
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The forward base line Rs and its extension is now drawn, also the ra}rs to b,. 
C, D, Cl and fi. Fig. 152 shows the minor control plot at this stage. 

The third photograph is now placed under the Kodatrace and its control 
points intersected in this way and so on throughout the strip. Fig. 153 shows 
the appearance of the minor control plot after the first five photographs have 
been dealt with. It will be noticed that no letters are shown but that the 
principal points are cross ticked and marked with the numbers of the photo¬ 
graphs to which they relate. 

Any tie points not used as control points or Trig points encountered should 
be rayed in at the same time as the minor control points and should be lettered 
on the Kodatrace. It will be noted from the figure that since it is only minor 
control points that appear on the lower side of the principal point base lines the 
plot is obviously one of a strip having a strip adjacent on its upper side only. A 
single strip clearly requires only minor control points. 

Seal. Point 

& EnW Tie Trig.Poml \ 


-:>t< -'>K -"f- 

y Fig, 153 

Scale Point. —In constructing the plot only one length has been assumed, 
that of Pai (see Fig. 150), and the whole of the plot will therefore be at this 
I scale. Subject to small errors due to height distortion, the scale will be ; 

f where f is the focal length of the camera 
H —h H is the height of the aircraft, 

and h is ground height at the point A. 

This point A is called the Scale Point and in order to mininiise height 
distortion it should be chosen at the mean height of the coimtry. If no suitable 
point can be found on the first photograph a point can be chosen farther on 
in the strip and the strip can then be plotted outwards from this point. It 
should be noted that any point- can be chosen, the problem being analogous to 
a base measurement. 

Triangle of Error. —So far it has been assumed that tilt and height distortions 
are radial from the principal point, but if photographs having fairly large tilts 
are taken of hilly country this assumption no longer holds good and discrepan¬ 
cies may be expected in the minor control plot. 

For example when plotting the fourth photograph of the strip it may be 
found that, with the b^ lines in coincidence, it is impossible to make the rays 
Scs and Sd* pass through the positions of C and D (already intersected from 
photographs 2 and 3) at the same time. In this case an adjustment must be 
fmade but before this is done ft must be checked that the error has not arisen 
through inaccurate plotting of base lines or minor control points on previous 
photographs. 

The adjustment depends on two assumptions : 

(a) That for a given tilt the error in the radial direction to a point will be 

proportional to the height distortion along that ray, i.e., to the 
distance, very nearly, on the plot, between the plotted position and 
the photographic position. 

(b) That the tilt is equally likely to be in any direction. 
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The adjustment cannot be guaranteed to give an improvement for a single 
overlap, but when tilts are large and varying throughout the strip a con¬ 
siderable improvement is made in the strip as a whole. The procedure Ls 
illustrated in Fig. 164. 



Fig. 154 


The thick lines in the figure show the forward base line Rs and the inter¬ 
sected positions of the points C and D as they appear on the Kodatrace. rS on 
the next photograph is fitted under the Kodatrace under Rs and the radial 
direction Scj made to pass through the plotted position of C. At this setting 
the ray Sdj will not pass through D. Draw the ray Sc* in pencil on the 
Kodatrace and mark its intersection with the forward base line Rs at Sj; the 
photographic positions of Cj and r, the principal point of the preceding photo¬ 
graph are marked as shown at C 2 and ri. 

Now slide the Kodatrace so that the ray Sdj passes through the plotted 
position of D. As before draw the intersection of this ray with Rs at Sj and 
mark the photographic position of d 2 and r at d 2 and r 2 . There is now a triangle 
of error for the point S, whose most probable position is required. Divide 
ri r 2 internally at r so that ri r/r 2 r equals Cc 2 /Dd 2 then select a position inside 
the triangle so that it is distant from the rays Rs, Csi, Ds 2 in the proportion 
Rr, Cc 2 , Dd 2 respectively. 

Fit the Kodatrace so that the principal point S on the photograph falls 
under this position and the rays Sr, Sc 2 and Sd 2 miss the positions of r, C 
and D by amounts proportional to Rr, Cc 2 and Dd 2 respectively. Draw the 
forward base line and radial rays as before. There will be a slight discontinuity 
at S. 

The figure greatly exaggerates the size of the triangle of error that will be 
met with in practice. Even when comparatively large the position of S can 
usually be estimated by eye and in many cases the triangle is so small that 
its centre can be accepted immediately. 

Short Overlap. —It sometimes happens that owing to camera or other 
difficulties the overlap between successive photographs falls below 50%. 

Base lines may still be drawn, either by observing in the stereoscope or by 
pinning the photographs through their principal points and, witlT a straight 
edge against the pins, rotating them until the straight edge cuts identical 
points of detail on each. 

Minor control points, however, cannot be chosen in the ordinary way and 
hence, although azimuth can be carried forward, though to a lower degree of 
accuracy, a method must be devised to carry forward scale. Fig. 165 shows a 
photograph (No. 3 of the strip) on which, because of a short overlap, no points 
can be found which are common to both No. 2 and No. 4 photographs. 
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Points are chosen, such as Q, Di in the left overlap and C*, D* in the right 
overlap which satisfy the following requirements : 

(a) Cl and C, (or Di and D») should be as close together as possible. 

(b) They should be points which lie as nearly as possible at the same ground 

height. (This can be estimated by observing in a stereoscope.) 


A' h 



Fig. 155 


Fig. 156 shows the minor control plot. Photograph No. 3 is resected ^ the 
ordinary way and the plotted positions of Ci and Di intersected at Q and Di. 
Rays to C* and D, are drawn and the photographic positions of Ci, Di, U 
and D* marked on their respective rays. 

Consider the case of Ci C*. The line joining their photographic positions, 
Cl Q i/first drawn. A line parallel to this is then drawn through Ci cuttmg 
the ray to C* at Cj', this is accepted as the intersected position of C*. The position 
of^Dj, at Ds', is obtained in the same way and the forward rays to ei and fi 
drawiii The plot can then be continued as usual. If a short overlap occurs 
on one side of the base line only, the other side is treated as for a normal 
overlap. 

'K 'H' -r" 


4 ^ 




The method is based on the assumption that height distortion of points at 
the same height is proportional to the distance of these points from the 
principal point. Provided that the points are close together, tilt distortion 
will not be appreciable. A loss of accuracy results, however, and if short overlaps 
continue is liable to be cumulative ; they should therefore be avoided. 


Triangulation Points near the Base Line—Whilst control and tie points are 
always selected so that a good intersection may be obtained from at least two 
principal points, it may happen that Trig points will fall on or near the base Ime 
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and their intersections will therefore be poor. Fig. 157 illustrates the procedure 
which should be adopted in such a case. 



Fig. 157 


Drop p)erp>endiculars from the two photographic positions of the Trig points 
on to the base hnes. Measure along each base line from the foot of the perpen¬ 
diculars to the principal points of the photographs and call these distances 
Xi and Xj. Measure the length of the air base B on the minor control plot 
(shown in Fig. 158). 


Fig..158 

Then the length from the foot of the perpendicular from T to the plotted 
position of P.P.l will be given by and to P.P.2 by Erect 

A-i + Aj Xi + Xj 

the perpendicular from this point and an ordinary intersection from P.P.l or 
P.P.2 will give its distance from the base line. This method should be used 
when rays from the principal points intersect at angles greater than 150°. 

Intersected Points.—Any point of photographic detail in the strip may be 
plotted by mtersection from two or three principal points. To do this photo- 
p-aphs are taken in turn and placed under the minor control plot; the latter 
is then adjusted so that the principal point of the photograph and its base 
lines coincide with those on the plot. A ray is then drawn on the plot from 
the principal point through the point of detail on the photograph which it is 
desired to intersect. (Except for detail lying in the small common overlap of 
three successive photographs, points will be intersected by two rays only.) 

Adjustment of Minor Control Plots.—Single Strip Adjustment. —The minor 
control plot now consists of a framework on which any photograph may be set in 
its correct relation to others, and on which the correct relative positions of 
all intersected points have been established. This framework, subject to the 
accumulation of small errors which is inherent in the method, is true to shape 
but is on an unknown scale. To bring the plot to a predetermined scale the 
procedure is as follows : 

Fig. 159 shows the plotting sheet on which the Trig marks A, C and S have 
been plotted. These also appear within the area covered by the strip and have 
been intersected on the minor control plot at A', C' and S'. The minor control 
plot is^ laid over the plotting sheet so that A and A' are coincident and the 
line A'C' on the plot is superimposed on AC on the plotting sheet. 

A separate sheet of tracing paper is laid over the minor control plot and 
the plotting sheet and A'C' are pricked on it and joined. yThe distance CC' 
is measure on this tracing and set off along C'X at right-angles to AC'. AX is 
joined and lines are drawn parallel to C'X along AC'. 
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To reduce the position of No. 6 principal point to the scale of the plotting 
sheet, for example, the tracing paper is pivoted about A until the Ime AC 
cuts principal point No. 6. The distance, at right angles to AC from this 



principal point to the line AX is measured and set off from No. 6 along AC' 
in the direction of A. The point so found is the scaled position of No. 6 principal 
point. All points on the plot, except minor control points which are no longer 
required, are treated similarly and circled on the plotting sheet in orange. 

There will probably still be a small discrepancy between the Trig point S 
and the scaled position of S' due to small errors which have accmnulated 
throughout the strip. This error is distributed uniformly throughout the strip 
as follows: 

Measure the difference in the East-West and North-South directions 
between S and the scaled position of S'; the sign convention is that a required 
shift of S' to North or East is -f and to South or West is —. A table is con¬ 
stricted as in the example below and, supposing that S' must be moved 
0-06 ins. East and 0 03 ins. South in order to agree with S, the table is filled 
in under principal point 6 (the nearest to S) putting -}- 0-06 in the X column 
and — 0-03 in the Y column. 



A' 

S' 

C' 

P.P.S 

1 

2 

3 

4 

5 

6 

7 

8 

9 

to 

11 

12 



+ 

■f 

+ 

"f 

+ 

+ 

-h 

+ 

+ 

+ 


X 

0 

•01 

•03 

•04 

•05 

•06 

•05 

•04 

•03 

•02 

•01 

0 

Y 

0 

•01 

•01 

•02 

•02 

•03 

•03 

•02 

•02 

•01 

•01 

0 


No. 1 and No. 12 principal points will receive no correction (being nearest 
¥ to A and C respectively) and Nos. 2-6 and 7-11 receive proportionately 
distributed corrections as shown in the table. These corrections are applied 
to the orange positions on the plotting sheet and are circled in red. They are 
the finally adjusted positions of the principal points. 

Two-Strip Adjustment. —As previously stated the strips must have an end 
tie point at each end and tie points throughout their common overlap. 

If tV^o Trig marks lie in one strip that strip is first scaled as previously 
explained and the second strip is scaled to the first by treating the end ties as 
though they were Trig points. 
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If the Trig points lie one on each strip the two strips are first brought to a 
common scale by using the end ties and are then scaled to the Trig points. 

In either case, having brought both strips to the scale of the plotting sheet 
discrepancies may be expected in the positions of the tie points, common to 
both strips. The adjustment of these is explained below in the section dealing 
with the internal adjustment of a block. 

Blocks of Strips. —Where more than one strip is necessary to cover the 
area photographed the procedure, after the minor control plots have been 
made of each strip, is as follows : 

{a) Choose a strip containing two well-separated Trig points, situated if 
possible at its outer ends. 

ip) Bring this strip to the scale of the plotted Trig points, as already 
described, and prick off a scaled strip. 

(c) Bring other strips successively to this scale, using the end tie points 

in their common overlaps, as if they were Trig points, and prick off 
scaled strips. 

(d) Fit the first scaled strip to the plotting sheet and prick on to the 

latter the tie points. Attach arrows to these to indicate from which 
strip they have been intersected. Simihirly fit the next scaled strip 
by the end tie points, prick through the4ie points and attach arrows. 
Continue with the remainder of the scaled strips. 

(e) The scaled minor control plots may now be allocated to assistants 

for detail plotting to be carried out on them. (See p. 280.) The 
area to be plotted on each strip is demarcated by joining the tie 
points. 

Internal Adjustment. 

(/) Examine the discrepancies on the plotting sheet between the positions 
of tie points in each common overlap of strips. Discrepancies should 
show a regular and progressive error between the end tie points ; 
if a sudden irregularity occurs it will be due to a mistake at some 
earlier stage and must be investigated before going any further. 

(g) Choose a strip where the aggregate discrepancies between the tie 
points are least. (Strip C in Fig. 160.) This strip is allowed to stand 
unaltered and tie points intersected from it are circled in orange. 
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(h) Strips D and B must now be shifted by an amount equal to the full 
amount of the discrepancy. To maintain the width of the stnps the 
movement must be the same on both sides of them, it is nec^sary 
therefore in this example, to move tie points on the south side oi 
strip B and any intersected points which may lie on the north side ot 
strip D. The movement is effected by measuring the amoi^ of the 
discrepancies of all tie points with those of strip C in terms of Eastmgs 
and Northings. Any point on the north side of strip D or the south 
side of strip B is replotted by a corresponding amount and circled m 
orange. Points not exactly opposite tie points of strip C r^eiye a 
shift which is an interpolation of the discrepancies of the two (strip 
tie points most nearly opposite. The plotting sheet will now appear 
as in Fig. 161. 


! I I ! i i'- 

Strip C 

I i I I I 


s 

/s t 


f 


J I',: 


/ Fig. 161 

(i) Discrepancies between the tie points replotted on the south side of B 
and those on the north side of A are adjusted similarly, the fuU 
amount of the shift of tie points on the north side of A bemg given 
to all points on the south side. The^ adjusted tie points are 
circled in orange and this completes the internal adjustment. 

(i) Any Trig point on the minor control plot will be surrounded by four 
tie points or minor control points and these can be jomed to fom 
a “ unit.” By joining similar points on the plotting sheet a siimlar 
" unit ” will be formed. Since the minor control plots have been 
scaled to the plotting sheet the two " units ” can be compared and 
will often be exactly the same in which case the Trig pomt can be 
pricked through and circled in orange. More generally the two 
“ units ” will show slight discrepancies, though these should be very 
gmall (of the order of one millimetre or less) and the Trig pomt is 
plotted as follows (see Fig. 162) : 
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On the minor control plot draw two lines ac and db through the 
Trig pomt. Interpolate the cutting point of these on the sides of a 
“ unit ’’ on the plottiiig sheet giving a', b', c' and d' and join a'c' 
and b'd'. All Trig points are plotted in this manner including the 
two used for scaling the first minor control plot and whose positions 
may have been altered very slightly by the internal adjustment. 

External Adjiuiment.—^The Trig points plotted in orange must now be 
adjusted to fit the same points which were already plotted (from their rectan¬ 
gular co-ordinates) in red on the plotting sheet. This adjustment will of course 
involve a relative shift of tie points and is done as follows : 

A tracing is made of all the orange positions of Trig and tie points as 
obtained by the internal adjustment and the discrepancies at the Trig points 
between their internally adjusted (orange) positions and their true (red) 
positions £^e measured in terms of Eastings and Northings and written against 
their positions on the tracing. The sign convention used is, as before, that a 
required shift of the orange positions to North or East is plus and to South or 
West is minus. 

The Trig points are now joined so that a network of well-conditioned 
triangles is formed on the tracing. By linear interpolation along the sides of 
the triangles, points are found at which the discrepancies are 0 01, 0 02, 0 03, 
etc., inches in Eastings and Northings respectively. 

Points of the same value are joined by lines, in red for Eastings and gieen 
for Northings. When this has been done it should be checked that the lines 
in any one tri^gle are parallel and equidistant. If this is not so an error has 
been made in interpolation. Fig. 163 shows an example of such a diagram, in 
which the Northing corrections only have been inserted. 



Fig. 163 

Shifts of all tie points are taken from the diagram by inspection, set off on 
the plotting sheet from their orange positions and circled in red, e.g., a tie 
point lying midway between the —0 03 and the —0 02 pecked lines, on Fig. 
163, would be moved 0 025 in. to the south. 

It must be emphasised that the greatest care must be taken that measure- * 
ments are correctly made and have their correct signs applied. Frequent 
independent checking is the only safeguard against errors. 

Detail Plotitog. —Plotting of detail is carried out on the scaled minor 
control plots, points of topographic detail being intersected from the principal 
points of photographs on which they appear. The photographs used for the 
minor control plotting will be the most suitable since these already carry on 
them the principal points and the base lines. 

Generally speaking, intersections of points of photographic detail should 
be made every three-quarters of an inch. This density should be increased over 
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very hilly country and may be decreased in flat featureless country. If the scaled 
plot is at the same scale as the photographs, detail between intersected points 
may be traced directly from the photographs. If not, intersected points are 
taken in threes and the detail between them adjusted by a process analogous 
to “ squaring-down.” (See p. 256.) 

Interpretation of Detail.—^This can only be learned by experience and in 
cases of doubt as to the exact nature' of objects seen on the photographs the 
area must be visited. Certain features such as main roads and broad rivers 
are usually obvious enough but secondary roads if tree-lined, for example, may 
be easily confused with small streams and vice versa. Shadows will often 
provide a clue to the nature of ground objects. A stereoscope should always be 
used to assist interpretation. 

—The finally adjusted control and tie points on the plotting 
sheet are pricked through on to a tracing, and the plotted detail of each scaled 
minor control plot is traced onto this. Points on the scaled minor control 
plots will not fit their finally adjusted positions on the tracing exactly, but 
by transferring the detail “ unit ” by " rmit " (similar to those formed for the 
plotting of Trig points (p. 279)) the effect of such misfits will be negligible. 

TWIN OBUQUE Photographs. —^These, also known as Split Verticals, are 
sometimes employed for mapping instead of true verticals. From the .same 
height and with a lens of the same focal length a greater width of country 
can be photographed for each strip flown. 

Two cameras are employed each having an equal and opposite lateral tilt. 
The photographs, which are taken simultaneously by each <^era, overlap 
along the centre line of the strip. This arrangement is shown diagrammatically 
in Fig. 164. 



The photographs obtained are “ low ” obliques (t.e., the image of the horizon 
is not included) and since the amount of tilt is greater than can be dealt with by 
normal radial triangulation a different method must be used. 

Fig. 165 illustrates the conditions obtaining in an oblique photograph. 
In this figure 

O is the perspective centre. 

OvVv' is the vertical line through O. 

APV is an oblique photograph tilted 6° from the vertical. 

P is the principal point of the photograph. 

OP is the principal distance f. 

aPv is a horizontal plane intersecting the plane of the oblique photo¬ 
graph along an axis of tilt PT through P. (It inay also be regarded 
as a i^ertical photograph whose principal point is at v.) 

Ov'a' is a Vertical perspective plane. 
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It is clear from the figure that Pv = f sin 6 and PV = f tan 0 and it should 
be noted that the horizontal plane, the plane of the oblique photograph and 
the vertical perspective plane all intersect in a common point T. 

0 



If the vertical persp)ective plane is rotated about Ov' to measure horizontal 
angles on the ground it is evident that angles will be unaffected by the height 
of ground objects and truly equivalent to horizontal angles measured on the 
ground by a theodolite at v'. Also that a perspective plane rotating about an 
axis that is not vertical (say about OP) cannot always contain the top and 
bottom of a vertical object at the same time. Such a plane would measure 
different angles according to the height of the object. 

To revert to the case of angles measured by a vertical perspective plane ; 
if these are traced on the plane of the tilted photograph their tang^ts will 
equal the tangents of the angles on the horizontal plane multiplied by the 
cosine of the angle of tilt 6, for in the triangle PvT 

PT = f sin 0 tan PvT 


and in the triangle PVT 


' f tan 0 
f sin 0 tan PvT 


f tan 0 

= tan PvT cos 0 

(Since the cosine of a small angle is nearly equal to 1, there iip very little 
difference between angles measured in the horizontal and tilted planes when the 
angle of tilt is small and this is th^ fimdamental assumption in the " radial 
line ” method of plotting vertical photographs which have small, and random, 
tilts.) 

It is clear from the foregoing that if the position of the plumb point V appe^s 
on oblique photographs, and can be established, then, by drawing plumb point 
base lines, the radial line method, modified slightly, will hold good. 
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The Modified Marriott Method.—This is a graphical construction to estab¬ 
lish true angles on a tilted photograph whose angle of tilt is known. 

Fig. 166 shows a pair of twin oblique photographs whose overlap is indicated 
by pecked lines. 



P and P' are their principal points, V is the plumb point, common to both 
photographs and TP and T'P' are lines joining the fore and aft collimating 
marks of the photographs. These lines when the photographs are tilted squarely 
are also the axes of tilt through P and P'. The plumb point, V, and the f sm 6 
points, V and v', are established as follows : 

(а) Join in red on each photograph the lines joining the fore and aft 
collimating marks. Scribe with a pricker the lines joining the lateral 
collimating marks and prick the principal points P and P'. 

(б) Identify in the common overlap of the pair of photographs a point of 
detail, A and A',’ lying on the line joining the lateral collimating 
marks. 

(c) Measure PA and P'A'. The plumb point lies at the mean of these two 
distances from P and P'. 
e.g., if measurements give PA = 4-06 inches 
and P'A' = 4-61 inches 
then PV = 4-33 inches = P'V' 

(i) When the whole strip has been treated in this way the plumb point 
base lines are drawn on the starboard photographs in the same 
manner as principal point base lines are drawn on verticals. Plumb 
point base lines are then drawn on the port photographs by drawing 
them over points of the same detail as on the starboard photog^phs. 
(e) All distances PV and P'V' are measured on all photographs and their 
mean is used to compute a mean value 0° for the angle of tilt of the 
PV 

photographs. The formula used is Tan 0 = -|- 
(/) The positions v and v' are marked by measuring the distance f sin 0 
from P and P' along PV and P'V'. 

Minor control points are selected, six on each photograph. Three of these 
should lie on the outer side of the collimating axes TPT and T'P'T' and 
three on the inner sides, the conditions governing the selection of the outer 
points being the same as those governing the selection of points on vertical 
photographs. 

The Mitior Control Plotting in this method is similar to plotting from vertical 
photographs but rays are radial from the plumb point instead of the principal 
point and they are corrected as follows : 

Fig. 167 shows No. 1 port photograph of a strip, with the plumb pomt 
base line drawn and a minor control point “ a ” selected. This point is to be 
intersected, j 
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(а) On the photograph, mark the point y where the line TPT is intersected 

by Va. 

(б) Place the Kodatrace plot over the photograph and draw the plumb 

point base line, mark the plumb point V and the photographic 
position of No. 2 plumb point. 



(cl On the Kodatrace, draw the outer part of the plotting ray, Vb, from 
V, parallel to the line joining v, the f sin 0 point, to y. 

The pecked line vy and the pecked parts of the lines 
Va and Vb are shown in Fig. 167 to illustrate the construction ; 
they would not be drawn in practice.) 

(d) Repeat this construction for all other points on the photograph, l 5 dng' 
on the outer side of TPT, which are to be intersected. It is not 
usual to correct the rays lying on the inner side of TPT in this manner 
though it may be done if desired. 

(«) ^\'hen this construction has been completed on the port photograph, 
control points on the starboard photograph are similarly intersected. 
The plotting is continued taking No. 2 port and then No. 2 starboard 
photographs. If the lengths of the plumb point base lines are not 
exactly the same on port and starboard photographs the mean 
length should be accepted. 

Plotting is continued similarly throughout the strip. The correction to the 
rays is a very small one and, as stated before, it is not usual to apply it to 
points lying on the inner side of the fore and aft collimating axes. 

Scaling the strip, the internal and external adjustments, and the detail 
plotting are carried out in the manner already described for vertical photographs. 

The Four-Point Method of Plotting.— This method can be applied to any 
photograph, vertical or oblique, where ground relief is small in comparison to the 
height of the aircraft. 

Whereas the radial line method is precise irrespective of relief when tilt is 
absent, the four-point method is precise irrespective of tilt when relief is absent. 
With tilts of up to 30° investigation has shown that the method can be used 
at a scale of 1 : 12,500 if ground relief is not more than 2% of the fl 3 dng height. 
For photography at 30,000 feet it can be relied upon for planimetry with relief 
up to 600 feet, for any tilts likely to be encountered. Exactly where the four- 
point method breaks down is still being investig-ited. 

Fig. 168 represents a badly tilted photograph, and the area covered by the 
photograph on the plotting sheet. Capital letters on the plottiri^ sheet corre¬ 
spond to lower-case letters on the photograph. It is required to locate on the 
plotting sheet a point H, whose photographic position is h. A, B, C and D are 
the previously plotted positions of a, b, c and d. 

From b draw rays on the photograph to a, c, d and h, and on the plotting 
sheet from B to A, D, and C. Lay a strip of .scrap paper on the photograph 
across the rays from b and tick the intersections of these on one edge of the 
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paper strip. Transfer the paper strip to the plotting sheet and manoeuvre it 
so that the rays from B to A, C and D cut the edge of the strip at the tick 
marks. Draw the fourth ray from B, through the tick mark h to H. 

Repeat the process with rays from a to d, c, b and h and from A to D, C 
and B, drawing the second ray to H. Check the plotting by a third intersection 
from d and D. A pleasing feature of this method is that when relief is small any 
triangles of error are due to faulty plotting and to no other cause. 


Photograph _ Plotting Sheet 



Since a large number of lines on the face of the photographs will confuse 
the detail, the work should be carried out on the backs of the prints. The 
ground points plotted on the plotting sheet should be traced off on tracing 
paper which is then turned upside down, to agree with the inversion of the print, 
for detail to be plotted. The only point to watch is that when pricking the 
points through to the backs of the photographs, the pricker should be held 
vertically. 

When a near vertical photograph contains four control points additional 
points may be estabhshed by this method and if these lie in the overlap between 
photographs, control may be extended. 

The method also establishes a network of triangles on photograph and 
plotting sheet whereby detail may be transferred in a manner analogous to 
“ squaring-down.” 

The method is particularly suitable where only random photography is 
available. Knowledge of focal length and height of aircraft is unnecessary; 
and there need be only sufficient overlap to permit four common points to be 
identified on adjacent photographs, which may be taken with different cameras 
at different times, from different heights, and having different tilts. 


1 


Determination of Heights 

The Absolute Stereoscopic Parallax of a ground object lying in the overlap of 
two photographs is the algebraic difference, in the direction of the air base, 
of the distances of its two images from the principal points of their respective 
photographs, and it can be shown that it is given by 

fB where p = Absolute Parallax, f = Focal length of lens. 

P ~ H-h B = Length of air base. H = Height of aircraft. 

. h = Ground height. 

Since f, B and H ar^onstant for a pair of photographs, p depends only on 
the change in h. If dp is a small change in p and dh the corresponding change 

in h, then dp = ■ and this is the parallax equation. 

(H. Jl) . 

When two photographs of an object are placed under the stereoscope and 
fused they will appear as one single ground object, and a pair of dots super¬ 
imposed on the photographs will appear as a single dot. If the distance between 
the dots is variable, the fused dot may appear to lie above, below, or at the 
level of the grdund object. Such a fused dot is known as a " floating mark ”. 


L 
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The Parallax Bar.— This is essentially a beam carrying two glass plates, 
usually engraved with either a dot or a Y. One plate can be slid along the beam 
and clamped for gross adjustment, the other can be moved for fine adjustment 
by a screw carrying a micrometer scale engraved in millimeters. To measure 
the height, above ground level, of a single ground object such as a factory 
chimney the parallax bar is adjusted over the photographs so that the black 
dots on the glass plates are roughly superimposed over the images of the 
object whose height is to be measured. 

Examination under a stereoscope will fuse the dot in some position in 
space above, below or at ground level. The micrometer is adjusted to bring 
the floating mark on to the ground at the base of the object and a reading 
made. It is important that the point on the ground which is selected should 
be as close as possible to the base of the object whose height is required. 

The micrometer is then adjusted to float the mark on top, or very close 
alongside the top, of the object and the micrometer is again read. The difference 
of parallax readings should be obtained thus at least three times, and a mean 
difference arrived at, by which the height of the object can be computed. The 
following example illustrates the computation. 

B = 1,016 feet = 309-7 m. 

f = 5 inches = 127 mm. 


H = 15,000 feet = 4,572 m. 

h = 215 feet = 65-5 m. 

Bar micrometer at ground level read 3-05 mm. 
Bar micrometer at top of object read 2-97 mm. 

therefore dp = 0-08 mm. 

(H-h)* X dp 
dh =- - - 

_ 4,506-5 X 4,506-5 X 0 000,08 

~ 1 0-127 X 309-7 

= 41 3 m. = 135 5 feet. 


It is necessary that when observing with a parallax bar the following 
conditions should be satisfied : 

(a) The photographs must be set in exact base alignment. 

(b) They must be equally illuminated with the direction of illumination 

the same, if possible, as that obtaining at the time of photography. 

A study of the shadows will enable this to be observed. 

(c) They must be held rigidly whilst observing. 

Accurate observation is greatly dependent on practice. At the instant of 
taking a reading, attention must be concentrated on the object whose height 
is being obtained and not on the floating mark. 


Contouring within Spot Height Control.— Heights of chimneys, etc., can be 
obtained from the parallax equation as previously explained since it is assumed 
that relative tilt errors within a very small area will be negligible. For obtaining 
spot heights over wider areas and, from these, interpolating contours the following 
method is used: 

Scales of absolute parallax in relation to height are prepared from the 
equation p = fB/ (H — h). Since B, the air base, will vary slightly throughout 
the strip the photographs must be sorted and tabulated in groups of similar 
base lengths. In general, an interval of 200 feet, beti^een the base lengths used 
for computing the scales, gives satisfactory results. 

For example, suppose the area photographed varies in height from 0-200 
metres; that f = 127 mm. ; height flown is 3,581 m. and that the air base 
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length of the group of photographs being dealt with is 1,524 m. 
substitution in the above equation the following table is obtained: 


Ground height (h) 
in metres 

Absolute parallax (p) 
in milimetres 

0 

54 06 

60 

54-81 

100 

55-60 

150 

56-41 

200 

57-25 


A scale is now constructed from the above data, as shown in Fig. 169. 

H.ight 0 50 iqo ly) 200 

AbxXuU Pir.lh> 54- 55 56 57 57-5 

Fig. 189 

A pair of photographs containing a point of known height is now set under a 
stereoscope and fixed rigidly, and a reading of the bar is taken on the point. 
Suppose the known height is 174 m. and gives a bar reading of 3 -31 mm. This 

B.rR«idi.g 5-31 4-31 3-31 >«»«<«. 

Height 9 SO] 100 I ly I ^9° 

55 56 67 57-5 

Fig. 170 

is inserted on the scale as shown in Fig. 170, and used as a datum for plotting 
the readings 4-31 and 5-31, which are stepped off from it at intervals corres¬ 
ponding to one milhmetre on the scale of absolute parallax. Whole number 

Height 9 K) 100 ly 2W 

' ^.O ' ' 5'.Q ' ' ' 4.0 3^ 

Fig. 171 


bar readings are then interpolated ; the absolute parallax readings are deleted 
and the final scale appears as in Fig. 171. 

Preparation of the Photographs.—Photographs are taken in turn and, the 
base lines having been drawn, known heights are marked on them with a small 
red dot, and a figure denoting the height; these figures should be placed well 
clear of the dots. The known heights should be marked on only one photograph 
of a pair, consequently such markings will appear only on alternate photo¬ 
graphs. Points whose heights are required are then marked with a blue dot. 
Points of known height which appear in the common overlap between strips 
should be marked on both strips (other^eights in this overlap should also be 
inserted on both strips when they are determined later from the parallax 
measurements). At least four known heights are required in each overlap 
between^onsecutive photographs, and these should, if possible, lie in the four 
comers of the overlap. 

The greater part of Tilt Error is linear, in a direction either parallel or per¬ 
pendicular to the base line. For this reason heights should be determined by 
comparison with others lying in lines parallel and at right angles to the base 
lines, as follows : 

Fig. 172 shows a common overlap with four points of known height. A, B, C 
and D close to the comers. K is a point whose height is required. It is necessary 
first to obtain heights at E from A and B, and at F from C and D. The height 
of K is then found from E and F. 
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The height of K could also be obtained from G, lying between B and C, and 
H, between A and D. 

To obtain the height of E, the bar readings of A, E and B are taken. It is 
almost certain that the heights of A and B, as found from the bar readings and 
scale (Fig. 171), will not agree precisely with their known heights, so a correction 
must be made to the measured height of E, proportionate to the errors found at 
A and B. If a and h are the corrections to be applied to the measured heights 
of A and B to make them agree with their known heights, then the correction 

to be applied to the measured height of E will be a — ^ (a — h). Example : 

A, 120 m. Bar reads 4-31 mm. Height from scale = 124 m. Corrn. = —4 m. 

B, 155 m. Bar reads 3-98 mm. Height from scale = 147 m. Corm. = +8 m. 
On photograph, AB measures 2-4 in. and AE measures 1 -6 in., so correction 

to be applied to the measured height of E = —4—— {—4—8) = +4 m. 



Pig. 172 Fig. 173 


It is simpler to find the correction for E graphically from an error graph as 
shown in Fig. 173. The positions of A, E and B are transferred from photograph 
to graph by means of a strip of paper. A and B are placed on their appropriate 
" correction ” lines, and the correction to be applied to the measured height of 
E is then found by inspection. 

When spot height control is limited, heights may be measured of objects 
selected along a straight line, joining two known heights, which is neither at 
right angles nor parallel to the base line. The assumption is made that all 
error is due to tilt error and that the corrections to be applied to intermediate 
points are proportionate to their distances from the controlling points, of known 
height, at the ends of the straight line. This method, however, is not as accurate 
as the previous one, if tilts are present. 

Contouring. —This is done by interpolation between spot heights from 
observation in the stereoscope. Drainage lines are marked on the photograph 
by fine pecked lines, then the ruling contours, chosen (at first) with large 
vertical intervals between them, are sketched in. The ends of these where they 
pass from one overlap to the next are equalized, and additional contours hre 
interpolated between them. Contours are plotted from the photographs an^ 
then traced from the plot on to the fair tracings. 
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Tilt Correction to Height Measurements.— Throughout the following 
section Height Error is taken to mean the error in a height which has been 
measured on the parallax bar and calculated by the ordinary parallax equation. 
It must not be confused with “ Height Distortion ” (wluch is defoed as 
the error in the relative positions of the images on a photograph of points 
lying out of the reference plane). 

Height error will be taken to follow the usual convention, i.e., measured 
height minus true height. Height correction is taken to mean the amount which 
must be added to a measured height to obtain the true height. It is therefore 
of opposite sign to height error. 

Tilt errors are of two kinds, linear and non-linear. A linear error has the 
effect of raising or lowering the ground and of tilting it about some axis without 
deforming it. Non-linear errors are those which do not progress uniformly 
across the overlap and as a result of these the ground appears warped. 

In general both errors will be present in an overlap, but it is possible to 
separate them when dealing with vertical or near vertical photographs. 

The following paragraphs explain the causes of height errors and their 
effects, (a), (6) and (c) produce linear errors; (d) and (e) produce non-linear 
errors. 


(a) Inclination of the air base, see Fig. 174. 



Fig. 174 


If the air base in inclined, the plane of each photograph remaining horizontal, 
the ground will be tilted by an equal amount in the same direction. It should be 
noted that uniform shrinkage of one photograph relative to the other is not 
distinguishable from a small inclination of the air base (non-uniform deforma¬ 
tions of film or papet are small and may be neglected in all rapid methods of 
plotting). 


(&) Equal fore and aft tilt of both photographs, see Fig. 175. 



Fig. 175 


If both photographs are tilted by the same amount about horizontal axes 
perpendicular to the air base, the ground is tilted about an axis halfway along 
the base and normal to it through an angle equal to twice the angle of tilt on 
each photograph. 


























Chap. XIV 


(c) Equal lateral tilt of both photographs, see Fig. 176. 


A B 

n 



Tzr 




C D 


Fig. 176 


The effect of this on the photographs is shown above. As in the case of 
equal fore and aft tilt, the ground is tilted through an angle equal to twice the 
angle of tilt on each photograph. 

It should be noted that unless the photographs are correctly aligned under 
the stereoscope the effect of any departure from true alignment of their base 
lines will have the effect of tilting the ground about the base line and will be 
indistinguishable from equal lateral tilt. 

{d) Differential lateral tilt. 



A perspective view of the deformation of a horizontal plane (the overlap 
between a pair of photographs) P Q R S due to one photograph being tilted, 
relative to the other is shown in Fig. 177. The deformed surface is represented 
by P' Q' R' S'. 

This deformed surface is known, geometrically, as a Hyperbolic-Parabaloid. 
It has two properties which must be considered in eliminating tilt; "(the error 
due to tilt of this kind will hencefortli be known as Hyperbolic Error) 
firstly the surface is what is known as “ doubly-ruled,” that is to say it may 
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be generated in two ways by moving a straight line. Application of a straight 
edge to the firm lines in the figure above will show that it has been drawn m 
this way. The importance of this property is that along any line parallel to 
or at right angles to the baseline, height error changes uniformly. Secondly, 
the contours of the height errors on this surface are Rectangular Hyperbolas. 
These are illustrated in Fig. 178 which has been drawn on the assumption that 
height errors at the points P Q R S of Fig. 177 are -10. +10, - 10, and +10 

illustote the effect of combining Hyperbolic Error with Linear Error, 
rectangles have been drawn over the hyperbolas. 


S 


B 


P 





R 


B 


Q 


Fig. 178 

If Hyperbolic Error is combined with both Lateral and Fore and Aft e^or 

— . _.‘11_♦Ka wrixT fViMf /'rncc rpcfamrlpf 1. Rectanffle 2 


Ihe curves will cross the overlap in the way they cross rectangle 1. Rectangle 2 
shows Hyperbolic and Linear Fore and Aft errors combined and rectangle 3 
shows the combination of Hyperbolic with Linear Lateral error. The asymptotes 
must always represent the same height errors but they will not m general be 

*^Fig. 179 is an example to show how the hyperbolic contours may te drawm 
The initial information is that the height errors at the comers P', Q'. R' and 
S' are - 25, +25, 0 and + 20 respectively. 

Using the property that error progresses linearly across and along the 
overlap, the sides of the rectangle are subdivided evenly and the points where 
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each 5 unit error contour cut the boundary are obtained. The asymptotes are 
obtained by joining points on the boundary which have the same value by 
lines parallel to or at right angles to the base lines, in this case 7^ units. Unless 
they lie a long way outside the boundary they should always be drawn to 
help in obtaining the correct form of the hyperbolas. 



With small height errors the subdivision illustrated will be sufficient to 
enable the curves to be drawn by eye. With larger errors more points will 
be necessary and these are obtained by interpolating linearly along lines 
parallel or normal to the base line. 

For example, the dotted line AB cuts the boundaries at — 15 and +16 
units respectively. Interpolation between A and the asymptote will give cutting 
points for the +5,0,-5 and — 10 curves ; between B and the as 5 mptote will 
similarly give cutting points for the +10 and +15 curves. 

[e) Equal and opposite fore and aft tilts. 

Fig. 180 shows the effect of equal and opposite fore and aft tilts, 4 .', of each 
photograph. The ground is raised or lowered bodily and deformed in such a 
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way that vertical sections parallel to the base are parabolas symmetrical 
about the mid ix)int of the base line. The maximum deformation with which 
we are concerned is the amplitude J B p'. It will be seen later that p' may 
be found from simple measurements on the photographs. 

To draw the error contours, which are straight lines normal to the base 
line, a parabola of amplitude J B is made to pass through the two ends of 
the base. Lines parallel to the base line are drawn at the contour interval to 
cut the parabola. The contours are then lines passing through the intersections 



of the parallels with the parabola and normal to the base line (Fig. 184, where 
these contours are shown in blue, makes this clear). This error will henceforth 
be known as Parabolic Error and will be taken to mean solely the deformation 
of the groimd. It will not include the general raising or lowering,, which is 
fundamentally a linear error. 

Before investigating this error, it should be noted that, so far, only equal- 
and-like and equal-and-unlike tilts have been considered, but it can be shown 
that any combination of different fore and aft tilts may be separated into 
equal fore and aft tilt (b) and equal and opposite fore and aft tilt (e), thus : 

Let p' be the hypothetical angle of equal and like tilt. 

Let p" be the h}q)othetical angle of equal and unlike tilt. 



Fig. 181 


then, in the case illustrated in Fig. 181, + = —2° 30' 

and 4'— P’ = +1° 40' 

\ therefore p' = —0° 50' -^-2 = —0° 26' 

and p" = —4° 10'-^2 = —2° 06' 

Determination of Parabolic Error. The amplitude of the parabola, J B p', 
may be found simply from measurements of “ want of correspondence ’’ 
(t.e., the lack of alignment in one part of the photographs, when other parts, 
e.g., the base lines, are in correct alignment) made on the photographs, without 
reference to any points of known height. 
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In the formulae which follow, signs are based on the assumption that the 
micrometer reading of a parallax bar increases with increased separation ot 
the floating marks. If the readings decrease, the signs of the formulae (1), {1), 
(3) and (6) must be reversed. 


M ^ 


A' C' 

1 



1 


hi 

Rf—-'p' 


Rf' P2 

j 



B-l D 


B'. -D' 


Fig. 182 


Fig. 182 shows two overlapping photographs whose principal points are 
at Pi and Pj. The photographic image of Pi is at Pi' on the right-hand photo¬ 
graph and that of Pa is at Pa' on the left-hand photograph. 

B-B', C-C' and D-D' are four points common to the overlap lying 
at a distance y from the base line and opposite Pi and P,. It can be shown that 
to a first order. 


-C'D' -f CD).. 


•( 1 ) 


where B is the length of the air base 

f is the focal length of the camera lens 
b is the mean base length of the photographs = i(bi + ba) 
y is the distance of the points from the base line 
(it should not be less than b). 

Fig. 183 shows the photographs turned through 90° in a clockwise (hrection 
and placed so that the pairs of points A-A', B-B', C-C' and D-D can be fu^d 
in a stereoscope. Pi Pj' and Pa Pi' must be as near parallel as ordinary drawing 
methods will allow (though very small departures from parallelism will not 
materially affect the accuracy of the measurements). 



? F ^ 

d' k 


Suppose that, when the floating mark is brought to the ground at the four 
points, the micrometer reads P^, Pb, Pc and P^ then, 

A'B' - A B = Pa - Pb 
C'D' - C D = Pc - Pd 

and the maximum parabolic deformation becomes. 
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^ [(P* - p.) - (Po - p.)].(2) 

the correction to be applied to eliminate the error will be, 

^ [(P. - p.) - (P» - Pc)].(3) 


When the correction is not too great (less than 15 metres) the assumption 
can be made that, 

b = B (which is very nearly true) 

hence (3) becomes, 

^ [(Pb - P.) - (Pd - Pc)] metres 

when H-h is given in metres and the P’s in millimetres. 

Within certain limits it is possible to choose any value for y so that if the 
value 

y = is chosen, where H-h is still in metres, formula (3) will 

become, 

10(Pb - Pa) - (Pd - Po) metres...(4) 

thus eliminating all calculation except subtraction and multiplication by 10. 

Certain combinations of H-h and the size of the photographs may make 
(H-h)/80 an unsuitable length for y. In such cases formula (3) must 1 m used, 
or a suitable factor chosen so that a simple multiplier may be used in formula (4) 
instead of 10. 

The same value for y may be retained throughout the strip provided H-h 
is reasonably constant. Equation (3), if it has to be used, may be computed 
on a slide rule. 

Example of height correction when parabolic error is present : 

A pair of photographs are orientated under the stereoscope and are then 
turned through 90° clockwise. (This setting will be heljMd by la5dng them oyer 
squared paper in the first instance so that their base lines lie in the direction 
of one set of lines on the paper.) Parallax readings are taken at A, B, C, D, 
in the order B, A, D, C, or " top left,” “ top right,” " bottom left,” " bottom 
right.” _ 


Point. 

Bar reading (mm.) 

Point. 

Bar reading (mm.) 

B 

2-37 

D 

2-80 

A 

2-30 

C 

1-82 

P.-P* 

-I-0-07 

P»-Pc 

+0-98 


Whence (Pb - P*) - (Pd - Pc) = 0-07 - 0-98 = - 0-91 mm. 

If for this overlap f = 127 mm. 

B = 1540 m. 

y (measured with a scale) = 42 mm. 
b (measured with a scale) = 42 mm. 

then = 13-9 and the maximum parabolic 

8 by 8 X 42 X 42 

correction becomes 13-9 X —0-91 = —12-6 metres. 

The photographs may now be set in correspondence along their base lines 
and parallc^ readings made in the usual way on all points of laiown height and 
other points whose heights are required. The photographs should not on any 
account be disturbed until all the required height measurements have been 
made. 
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A piece of tracing paper (see Fig. 184), large enough to cover the whole of 
the right-hand photograph is pinned down along its upper edge only, so that 
it may be lifted from the photograph. On this tracing, the principal point base 
line Pi' Pj is marked together with two lines at right angles to and passing 
through the ends of the base line. The control points are then pricked' through, 
circled and numbered (black in the figure). 

A parabola is next drawn through the two principal points on the tracing 
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(blue in the figure). It is convenient to draw it convex upwards for positive 
maximum corrections and concave upwards for negative. It may be drawn 
by making a zinc template to the measurements given in Fig. 185 or by laying 
the tracing over the figure and carefully drawing the parabola. Since a 
standard parabola is being used its amplitude, which represents the maximum 
parabolic correction, depends on the length of the base line Pi' Pi; in this case 
it is —12-6 metres, which should be written against the curve. A series of lines 
are now drawn parallel to the base line to show corrections every 2 metres, 
shown in blue in Fig. 184. 

The table below shows the parallax readings which have been made at the 
seven control points on the photograph. 


1 

2 

3 

4 

5 

6 

7 

8 

Name 
of Point. 

Reading. 

Diff. 
from 10. 

Calcd. 

Height. 

True 

Height. 

Total 

Parabolic 

Residual 

H7/3 

998 

-t-0-02 

120 

104-8 

-15 

-1 

-14 

H8/3 

10-40 

-0-40 

88 

107-7 

+20 

+2 

+ 18 

G8/2 

10-57 

-0-57 

75 

76-6 

+2 

-10 

+ 12 

G9/2 

10-32 

-0-32 

94 

111-9 

+ 18 

±0 

+ 18 

G8/3 

10-45 

-0-45 

84 

102-0 

+ 18 

-5 

+23 

G9/4 

10-29 

-0-29 

97 

108-6 

+ 12 

-12 

+24 

G9/3 

10-58 

-0-58 

74 

90-5 

+ 17 

-6 

+23 


Column 1 shows the reference number of the control point and Column 2 
the bar reading at that point. The micrometer readings have all been made 
purposely near to 10 mm. By this means datum error can be eliminated since, 
instead of referring six of the points to a seventh, all of them are referred 
to an arbitrary datum whose parallax reading is 10. This tends to reduce 
mistakes. Column 3 shows the parallax difference from 10. 

Column 4 gives the height of each point as computed from the parallax 
measurements (or read from a scale similar to that shown in Fig. 171) and 
Column 5 gives its known height. Column 6 gives the total corrections which 
must be applied to the measured to obtain the true height, and contains the 
corrections necessary to eliminate some or all of the linear and non-linear 
errors ; the parabolic corrections can be separated, leaving only the hyperbolic 
and linear corrections. 

By dropping perpendiculars from each control point to the base line to 
cut the parabola, the parabolic correction can be inserted in Column 7. If a 
point, such as H 8/3, lies outside the base line, the sign of the correction is 
reversed. As far as possible all points should lie inside the base line. 

Column 8 gives the residual corrections after those in Column 7 have been 
subtracted from the total corrections in Column 6. These corrections are 
written in red against the control points on the tracing and the four best 
conditioned points selected. Ideally these should lie at the four comers of a 
rectangle whose shorter side is the base line. The best points in the example 
arejl 7/3, H 8/3, G 8/3 and G 9/4. 

Since parabolic corrections have been eliminated, the residuals must be 
made up of purely linear or hyperbolic corrections (which are linear at right 
angles or parallel to the base line). If G 8/3 and G 9/4 are joined by a straight 
line pq and extrapolated linearly, it can be deduced that the error at p is 22-8 
and since p to H 7/3 is roughly normal to the base line, linear interpolation 
can be made to find the cutting points of the hyperbolas along this line. By 
a combination of interpolation and extrapolation, all other cutting points of 
hyperbolas can be found as well as the asymptotes, which are pecked in red on 
the figure. The hyperbolas can then be drawn as previously explained. The 
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three other control points which have not been used will provide a check on the 
accuracy of the method. It will be noted that point G 9/2 is in error by about 
3 metres. 

Where large discrepancies occur, they must be investigated. It is not 
difficult to make gross errors in parallax readings and these must be carefully 
watched. Other causes of discrepancies are incorrect determination of heights 
in the field and misidentification of points on the photographs. 

Parallax readings of all points of unknown height are now entered in a 
table similar to that below. 


I 

2 

3 

4 

5 

6 

7 

8 

Point. 

Micro. 

Diff. 

Calctd. 

Parabolic 

Hyperbolic 

Total 

True 

Reading. 

from 10. 

Height. 

Corm. 

Corm. 


Height. 

2 

10-10 

-0-10 

Ill 

-13 

+5 

-8 

103 

8 

10-27 

-0-27 

98 

-10 

-1-14 

-+-4 

102 

12 

10-55 

-0-55 

76 

-12 

-b23 

-1-11 

87 


Columns 1-4 are filled as in the previous table. Column 5 shows the parabolic 
correction and Column 6 the hyperbolic correction, both of which are obtained 
from the tracing. These corrections are combined in Column 7 and applied to 
Column 4 to obtain the True height in Column 8. 

(It has been found, in practice, that time is saved by making all “ want of 
correspondence ” measurements, for the determination of the parabolic cor¬ 
rection, throughout the strip before any height measurements are made. The 
greatest care must be taken to avoid gross errors of measurement or calculation.) 

Fig. 185 shows a suitable template for drawing parabolas and con¬ 
structing the hyperbolas. The paralwlas may either be traced off this figure or 
plotted, from the dimensions given, on squared paper and then gummed to a 
piece of zinc which is cut ^d filed to the outline. The wider series of parallel 
lines will be found useful in subdividing the sides of the overlap when inter 
polating the cutting points of the hyperbolas, the narrower parallels for sub¬ 
dividing the amplitude of the parabola. 


Summarising the previous ten pages. Height Errors consist of : 

Linear Non-Linear 


(а) Inclination of the air ba.se. 

Uniform deformation of photographic 
materials. 

(б) Equal fore and aft tilt of both photo¬ 

graphs. 

(c) Equal lateral tilt of both photographs. 
Incorrect orientation of the stereoscope. 


(d) Differential lateral tilt 
(Hyperbolic error). 

(e) Differential fore and aft tilt 

(Parabolic error). 


General.—Adhesive tape is better than drawing pins for holding the photo¬ 
graphs down. Powerful lights, if brought too close to the photographs, will 
cause distortion of the paper. 


Use of Air Photographs for Finding Under-Water Dangers 
Under good conditions, i.e., if the air photography can be done in clear 
weather and if the water is smooth and fairly free from sediment, under-water 
features, such as wrecks, reefs and sandbanks, are sometimes clearly visible in 
the photographs and can be studied in relation to the soundings to make sure 
that no dangers have been missed, but though a photograph may give positive 
evidence of the existence of a shoal it must not be assumed that deep water 
exists merely because no contrary indications are found on it. 
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CHAPTER XV 

TIDES AND TIDAL STREAMS 

The theoretical principles governing the phenomena of tidal movement in 
the ocean are fully discussed in the Admiralty Manual of Tides, and methods 
of prediction as well as instructions for observing and analysing the observa¬ 
tions are contained in Admiralty Tide Tables, Part III.* The reader desiring 
more information on the subject than can usefully be included in this book is 
referred to those pubhcations. The hydrographic surveyor should possess a 
general knowledge of the various types of tides and their causes, but he is more 
concerned with the practical business of making the necessary tidal observations 
for the reduction of soundings and analysis. 

Admiralty Tide Tables, Part I, contain predicted times and heights of high 
and low water at a number of standard ports. Predictions at intermediate 
times based on this data are accurate enough for the purposes of navigation 
but must not be used for reducing soundings in a regular survey, since the 
method is only approximate and the effects of unusual meteorological conditions 
at any time cannot be allowed for in the tables and are not fully determinate 
except by actual observation on the spot. 

The period of observation upon which the predictions at Standard Ports 
are based is given in Table V of Admiralty Tide Tables. At the great majority 
of these ports this period is at least a year, but at some it is only 29 days. The 
value of the data for predicting at the secondary ports in Part II of the Tide 
Tables varies widely and much of it is based on inadequate observations. At 
the great majority of the ^secondary ports and at those Standard Ports where 
the observations do not cover a complete year, any additional observations 
for periods suitable for analysis are of great value. 

Chart Datum.'—Reference has been made in Chapter X (p. 227) to the necessity, 
of reducing soundings to a common datum which should be " a plane so low that 
the tide will but seldom fall below it.” Heights on land maps are usually 
referred to mean sea level at some place on the coast, and this is an easily 
ascertained and fixed datum. The problem of the hydrographic surveyor, how¬ 
ever, is more difficult both in choosing a datum and in selecting places suitable 
for the necessary tidal observations, for the range, times of high and low water 
and even the character of the tide may differ considerably at places not very 
far apart. For example, at Ramsgate spring rise is about 2 feet greater than 
at Margate, 6 miles away, whilst high water is about 25 minutes earlier and 
low water 27 minutes later. If, therefore, tidal observations at the former 
were used without correction for reducing soundings taken off the latter place, 
errors of more than 2 feet in the reduction may be introduced at half-tide. 

Although the soundings in any particular survey must be reduced to a 
datum which is common in the sense that a low water which falls to datiun in 
one part of the survey, falls also to datum over the whole survey^ it will be 
seen that, owing to differences of range, chart datum is not necessarily at any 
fixed depth below mean sea level. 

The problem of establishing chart datums for the survey falls naturally 
under three headings: 

(1) Re-establishment of chart datum at a place where an accepted datum 

already exists. 

(2) Transfer of chart datum from a place with an accepted datum to another 

place in the neighbourhood. 

(3) Establishment of a new datum. 

* Note .—Throughout this chapter fr^uent reference is made to Admiralty Tide Tables, 
Part III. ^his book is under revision and will shortly be reissued under the title 
" Admiralty Handbook of Tidal Prediction and Analysis for Seamen.” 
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Re-establishment of Chart Datum.—In many parts of the world chart datum 
has already been established, usually by the original surveyors, and in such 
places this level should be used for a new survey unless instructions to the 
contrary are issued. The largest scale Admiralty charts will in such cases give 
the necessary information for recovering the old datum in one or more of the 
following forms : 

(а) By a reference to one or more fixed bench-marks on the land, e.g., “ Sound¬ 

ings are reduced to a level 18-2 feet below a bench-mark cut on a 
wall. . . .”, etc. 

(б) By a reference to the datum used in the land survey of that area, e.g., 

“ Soundings are reduced to a level lOT feet below Ordnance datum.” 
Note. — {a) and (6) are now usually combined. 

(c) By a reference to a particular state of the tidal movement, e.g. " Sound¬ 
ings are reduced to the level of mean low water springs.” This form 
of reference is given on many old charts, but is now no longer used. 

If the information is given in form (a), it is only necessary to locate the 
bench-mark referred to and to run a line of levels (see Chapter VII) from it to 
a tide pole erected at any convenient place in the vicinity. This will establish 
the difference in level between the zero of the tide pole and the bench-mark, 
and hence the tide pole reading of the required datum. For example, if chart 
datum is stated to be 18-2 feet below the level of the bench-mark, and the 
zero of the pole is found to be 21 -6 feet below the bench-mark, then the datum 
for soundings will be a reading of 3-4 feet on the pole, and this figure will be 
subtractive from all readings on the pole to find the tidal reductions. 

If the information is given in form (6), it will be necessary to find one of the 
bench-marks established by the land surveyors and level from this to the tide 
pole. The positions and heights above land survey datum of these bench¬ 
marks are usually shown on the larger scale maps, such as 25-in. and 6-in. 
ordnance survey plans of Great Britain. For example, if chart datum is to be 
3-3 ft. below ordnance datum, and the zero of the tide pole is found to be 
43 T feet below a bench-mark shown on the map with the figures 39 0, then the 
required level of chart datum is 43T—(39 0-(-3-3)=0-8 feet on the pole. 

If the information is given only in form (c) or if no bench-marks or other 
points of known height can be located, it will be necessary to make a series of 
tidal observations in order to establish a new datum by the methods described 
later. Exact agreement with the old datum is usually out of the question, 
for datums of this description, such as “ mean low water springs,” " mean sea 
level,” etc., in the older surveys were rarely established from a long enough 
series of observations to give any great accuracy. 

Transferring an Established Datum.—There are now but few regions without 
established chart datums, and it is of great importance that neighbouring 
datums should be so co-ordinated that a tide which falls to datumjaF one, 
falls also approximately to datum at all. When, therefore, it is required to 
establish a new datum and there are established datums in the vicinity, or 
when a newly established datum is to be transferred to another part of the 
survey where there may or may not be appreciable differences in the tidal 
movements, transfer should be made by means of tidal observations obtained 
simultaneously at the place where datum is known and at that where it is to 
be established. The method employed to transfer the datum will depend 
upon the character of the tide. 

(a) When the tide is mainly semidiurnal, that is, when, at the established 
datum, the harmonic constants show that H of M,-|-Ss is greater than 
2H of (Ki-fOi), and when, in the absence of seasonal changes in mean 
level, the lowest tides may be expected to occur at equinoctial springs. 


/ 
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{b) When the diurnal component of the tide is relatively large, that is, when, 
at the established datum, the harmonic constants show that 2H of 
(K,+Oi) is greater than H of M,+S,, and when, in the absence of 
seasonal changes in mean level, the lowest tides may be expected to 
occur on the days of maximum tidal range near the solstices. 

Sometimes at the established gauge H of M,+S, and 2H of K,+0, may be 
nearly equal; or the character may cjiange so that the one which is the smaller 
at the established gauge may have become the larger at the new gauge. If the 
change in relative magnitudes is small, the formula applicable to the character 
of the tide at the established gauge should be used to transfer the datums. 

In some parts of the world the characters of the tide in adjacent seas differ 
very considerably ; in consequence, the character of the tide in a strait joining 
those .seas will be changing rapidly. In such cases datum cannot be transferred 
but must be established separately. 

In most rivers the difference between the low water levels at springs and 
neaps decreases as the river is ascended and eventually the neap level may 
become the lower. Datum should not be transferred from the lower to the 
upper reaches in such cases. In the upper reaches of the river the changes in 
low water level due to meteorological effects are likely to be greater than those 
due to astronomical conditions and datum should be separately established 
from local information as to low river level. 

In the case of (a), in order to make allowance for the meteorological effects 
upon the observations obtained for transferring datum, it is essential that at 
the established gauge, the heights of M.H.W.S. and M.L.W.S. should be known, 
either from Admiralty Tide Tables or from previous computations. From these 
heights the height of half-tide level at mean springs is computed; this half-tide 
level will not necessarily be the same as mean tide level, given in Table V of 
Admiralty Tide Tables for Standard Ports, or computed from observations at 
other ports. The difference between half-tide level at mean springs and mean 
tide level is due to shallow water effects, and when these effects are large the 
difference may be considerable. 

In the case of (6), in order to make allowance for the meteorological effects 
upon the observations obtained for transferring datum it is essential that at 
the established gauge, the height of mean sea level, Z^, should be known either 
from Admiralty Tide Tables or from the harmonic analysis of a period of at 
least 15 days’ observations. 

{a) To transfer datum when the character of the tide is mainly semidiurnal .—^At 
a spring tide, preferably a spring tide with not less than mean spring range, 
obtain comparative observations, at the two gauges, of the heights of four 
successive low waters and of the heights of the three intermediate high waters. 

(1) From the low water heights a, c, e andg, calculate, for each gauge, the average 
low water height from ^+^+^^±g -- 

(2) From the high water heights b, d and f, calculate, for each gauge, the average 
high water height from 

(3) At the new gauge, from the average high and low water heights above 
zero of the gauge, calculate : 

r', the range 

m', the observed half-tide level 

(4) At the established gauge, from the average high and low water heights 
above chart datum, calculate : 

R', the range 

pi', the observed half-tide level 








(5) At the established gauge, from the heights of M.H.W.S. and 
above chart datum, calculate 
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M, the spring half-tide level 
Then the height of the datum, d, above the zero of the new gauge will be : 


m'-i-(M-M')-(Mx^,) 


Example. Comparative observations for transferring datum : 


Established gauge 
(Heights above datum) 


New gauge 



H.W. 

L.W. 

H.W. 

L.W. 

H.W. 

L.W. 

H.W. 

L.W.I 

a. 

— 

2-5 X 1 


2-5 

— 

6-3 X 1 


: 6-3 

b. 

21 0 

— X 1 

21 0 


20-8 

— X 1 

20-8 


c. 

— 

3 5 X 3 


10-5 

— 

7 -5 X 3 


■ 22-5 

d. 

20-2 

— X 2 

40-4 


20-3 

— X 2 

40-6 


e. 

— 

2-3 X 3 


6-9 

— 

6-2 X 3 


18-6: 

f. 

21 3 

- X 1 

21 3 


21 0 

— X 1 

21 0 


g. 

— 

3 2 X 1 


3 2 


71 X 1 


7 1 

Sum . . . 



82-7 

23 1 



82-4 

■ 54-5 


L.W.= 

Sum 

• • 

20'7 

2-9 



20-6 

1 

6-8 i 

Range=H.W.-L.W. 

. . R' 

17-8 



r' 

13 8 

, H.W.H-L.W. 
Half-tide level=-^- 

. . M' 

11-8 



m' 

13-7 


From A.T.T., or previous M.H.W.S.=20 0 
computation, M.L.W.S.= 10 

-20 0+1 0 


Spring half-tide level, M= 


=4-3 above zero of gauge. 

(b) To transfer datum when the diurnal component of the tide is relatively large. 

On the day when the maximum range of the tide occurs, obtain at the two 
gauges, simultaneous observations of hourly heights for a period of 24 hours. 

From the harmonic constants at the established gauge, as given in Admiralty 
Tide Tables or as computed from the analysis of a period of at least 15 days 
observations at the established gauge, compute the relative values of g' and H 
for Mj and Oi from the formulae ; 

g' of M,=g of M,—g of S, and H' of M,=H of of S, 

g' of Oi=g of Oi—g of Ki and H' of 0,=H of 0,-^H of Ki 

Using these relative values of g' and H', analyse the observations at both 
gauges (as instructed in Admiralty Tide Tables, Part III, Section III) ; thus 
obtaining: 

at the established gauge, Z' (the height of M.S.L. above chart datum)" and 
the harmonic constants, M,, S,, K, and Oi. 

at the new gauge, z' (the height of M.S.L. above the zero of the gauge) 
and the harmonic constants, m,, s,, kj and Oi. 

From the Admiralty Tide Tables, or from the previous analysis; obtain 
Zj, at the established gauge. 

Then the height of chart datum, d, above the zero of the new gauge will be 

I I’J TS -7 w of "^a+Ss+kl+Ol \ 

z +(Z„-Z ) -Z„ X (H^fM,+s*+Ki+Oi) 

{Note. —In this method certain assumptions are made, notably in the rela¬ 
tionship between the constitutents M, and S,, and between Ki and O,. These 
are fully explained in Admiralty Tide Tables, Part III, Section III.) 
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Example.—^To transfer datum from an established gauge for which the 
following constants are given in Admiralty Tide Tables : 

M2 Sa Ki Oi Z„ 

224°, 0-9 269°, 0-4 352°, 1-7 306°, 1-0 3-4 

From these constants the following relative values are computed : 
M2:g'=315°, H'=2-2: (S,: 000°, 10 ; K,: 000°, 1 0) ; 

0, :g'=314°. H'=0-6 

Using these relative values, analysis of the observations at the two gauges 
gives the following constants ; 


Established g 


New gauge: 


Sa K, O, 

230°, 1 1 275°, 0-5 345°, 1-5 299°, 0-9 

mj 


220°, 0-9 265°, 0-4 343°, 1 3 296°, 0-8 6 0 

Then d=6 0+(3-4-4-3)- 
=2-2 feet above z 


. 0-9+04+1-S+O-S x 
^Vl-l+0-5+1-h+O^/ 


11+0-5+1-5+0-9/ 

0 of gauge. 

Note .—Harmonic constants derived from 24 hours observations are seldom 
likely to be in complete agreement with those determined from a longer period 
of observation. 


Establishment of a new Datum : Preservation of an Established Datum. 

Where there is no established chart datum and it is not possible to transfer 
datum from a previously established one by either of the methods previously 
described, a new datum must be selected and established. 

On modem Admiralty Charts datum is not a tidal level directly related to any 
particular astronomical conditions, but is one below which the tide seldom 
falls. It is established by reference to some fixed mark ashore. 

The method of selecting a suitable datum will depend upon the character 
of the tide, which must be determined from the harmonic analysis of observa¬ 
tions extending over a period of not less than 15 days. If such a period of 
observation is not possible, then the harmonic constants may be analysed from 
two series of 2+hourly observations, separated by a suitable interval so that 
the assumptions may be eliminated, as instructed in Admiralty Tide Tables, 
Part III. The relative values of g' and H' will have to be deduced from those 
given, in Admiralty Tide Tables, Part II, for a port or ports in the vicinity. 

(а) If the tide is mainly semidiurnal, that is, if the harmonic constants 

from the analysis show that H of Mj+5* is greater than 2H of (Ki+Oi), 
then datum is found from : 

(Zo+seasonal correction) — 1-1 (H of Mj+S*). 

The seasonal correction, if any, will be that given in Admiralty Tide 
Tables, Part II, for some port in the vicinity which is similarly situated 
either on the open coast or inside a river mouth or estuary. 

(б) If the diurnal component of the tide is relatively laige, that is, if the 

harmonic constants from the analysis show that 2H of (Ki+Oi) is greater 
than H of Mj+Sj, then datum is found from : 

(Zo+seasonal correction) — (H of Mj+Sj+Ki+Oi), the seasonal cor¬ 
rection, if any, being found as in (a). 

The above formulae give chart datum relative to the zero of the gauge. To 
establish the datum for future reference, the level of chart datum on the gauge 
must be referred to bench-marks ashore. When land survey bench-marks are 
available, chart datum should be referred to them, preferably two of them. 

If there are no such marks, then special bench-marks, preferably two of 
them, should be cut on masonry or solid rock in the most stable and permanent 
positions that can be foimd on land. On certain coasts there are no suitable 
features on which bench-marks can be cut and in those cases cement blocks 
should be set up on the most .stable ground and bench-marks cut in them. 
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Tide Gauges and Tide Poles.—At many ports automatic tide gauges are 
maintained in continuous operation. In these machines the vertical movements 
of the water are transmitted to an arm carrying a pencil which traces a 
curve, representing the tidal movement, on a paper-mounted drum rotated by 
clockwork. The paper is usually marked with time and linear scales from which 
the recorded height of the tide at any time can be read. Where automatic 
tide gauges are in existence their records may generally be used with confidence 
by the hydrographic surveyor. A comparison with a few measurements from 
a fixed mark to water level at various states of the tide and a check on the 
time-keeping mechanism will serve to test the accuracy of the gauge's per¬ 
formance and it is only necessary to decide what uniform correction (if any) to 
readings is required to make them referable to chart datum. 

Several attempts have been made to construct automatic tide gauges which 
can be used under the conditions normally met with in the course of a survey, 
and at the same time can be stowed easily on board ship when not required. 
Although good results have been obtained with some of them, their size and 
cost have been a barrier to their employment generally, and the surveys on 
which their use would be justified are not very many. 

Two varieties of tide pole are in general use, an iron screw pole and a wooden 
telescopic pole. The former consists of an iron tube about 10 feet long with a 
screw-thread extension at its base so that it can be screwed a foot or so into the 
sea bed when this consists of sand, clay or mud. This pole is intended for 
use in open positions where there is no structure to which it can be lashed 
and it must be supported by wire guys attached to three or more anchors so 
that it will remain upright. A wooden pole inserted in the top serves as an 
extension when the tidal range is large. The wooden telescopic pole is of 
rectangular section and is made in three pieces ; when extended, it is 31^ feet 
in length. This pole is generally the most useful one when it is possible to 
lash it to a structure, e.g., the end of a pier, but it may be erected without 
much difficulty in open water with suitable anchors and guys. As tide poles 
often have to be read from some distance, it is essential to paint the markings 
on them in the most easily distinguishable manner. This is best done by 
painting the whole of each foot alternately black and white. It is recommended 
that the figures representing the feet should be exactly 6 inches high and should 
be painted, black on the white part Of the pole, and white on the black, with 
their bases resting on the exact foot mark designated by the figure ; their tops 
then indicate exactly 0-5 of a foot. The feet should be subdivided by horizontal 
strokes at every 0-2 of a foot. 

The selection of a suitable position in which to erect a tide pole is a matter 
of some importance. It is obvious that the zpro of "the pole must be below 
chart datum or else it may dry out at low water. On first visiting a place where 
tidal information is scanty, it is often difficult to estimate the level to which 
the water may fall at spring tides and a reasonable margin against errors of 
judgment must be allowed. In any case, it is advisable to erect the pole at 
about the time of a low water, for there is then less liability to error and the 
actual operation is more conveniently performed since men will in most cases 
be able to stand round the pole and support it. whilst the guys are being secured 
When the range of tide is great, it is often convenient to have two tide poles, 
one to record the readings between low water and (say) mean tide level and 
the other between mean tide level and high water. 'This is particularly the 
case when the only available position for the pole is off a shelving beach, since 
at high water a pole placed to register low water readings may be so far from 
the water’s e^e that the figures cannot be seen by an observer on shore. 
When two poles are used they must overlap a small amount in the vertical 
plane and their relative levels must be determined from a simultaneous reading 
of the water level on both poles. 

The second consideration in the selection of a position for the tide pole. 
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the readings of which will be used for reducing soundings, is that it should be 
adjacent to the sounding area in order to ensure as far as possible that the 
recorded tidal movement at the former truly represents that taking place in 
the latter. In the opening paragraphs of this chapter attention was directed 
to the fact that differences in the range and time of the tide are frequently 
found to exist in places comparatively close together. It is clear, therefore, 
that a single tide pole will serve only, a small area; when the sounding has 
been carried a few miles along the coast, it should be assumed that there may be 
a change in the range and (or) time of the tide, and another pole should be 
erected near the new sounding area for the continuation of the work, datum 
being transferred by one of the methods previously outlined. If it is only 
possible to erect tide poles at a considerable distance apart, the tidal movement 
at intermediate points can be obtained by interpolation between simultaneous 
readings. When the sounding area is a long way off shore usually the best that 
can be done is to erect a tide pole at the nearest point on the coast. The readings 
in such cases will form a basis for reducing the soundings; the assumptions 
involved and the methods of obtaining the required reductions^ from the 
observations are discussed under the heading “ Tidal Observations.” 

The third requirement for a tide pole position is shelter. Accurate readings 
cannot be obtained if there is much scend and there is, of course, more likelihood 
of the pole being carried away either by the weather or by passing vessels if it 
is in an exposed position. Nevertheless, the position must be fully opeii to 
the tide. For instance, the pole must not be erected inside the bar of a river 
(for the sake of smooth water) for reducing soundings taken outside the bar. 

Very often the most suitable position for the tide pole is on a pier ; it can be 
lashed firmly to the structure and should be in no danger of accidental dis¬ 
turbance. If no position such as this can be found, the pole may be erected 
in any small bay which offers good shelter. A lee can often be found behind 
rocky ledges and it is sometimes feasible to add a few boulders to augment the 
protection from wind and sea. A pole that has to be erected in an exposed 
position should be marked by a flag or buoy to warn craft to keep clear. 

When a tide pole has been erected, the first step should be to connect it, by 
levelling, with a fixed bench-mark on land (a temporary one will do) so that, 
in the event of damage or interference causing a change in the position of the 
pole, the datum level can be recovered. Thereafter, periodic tests should be 
carried out to make sure that there have been no vmdetected niovements of the 
pole, such as may easily take place if it has to be erected in the open sea. 
When the pole is lashed to a permanent structure, a mark opposite any parti¬ 
cular reading will reveal any movement which may have taken place ; if the 
pole is in the open, it is often possible to make the check by noting the rca^g 
at which the line of sight to the horizon cuts the pole when the eye is placed in a 
K:ertain position on shore. 

TIDAL Observations. 

These provide, (a) The information required for reducing the soundings. 

(6) The data for tidal prediction and investigation. 

Observations for Reduction of Soundings.—For the reduction of soimdings 
the tide pole should be read (to the nearest 0 1 of a foot) at h^f-hourly intervals 
whilst sounding is actually in progre.ss. If, however, the tidal range exceeds 
20 feet, readings should be obtain^ at 10-minute intervals. 

The results should be plotted on squared paper as shown in Fig. 186, any 
convenient scale of times and heights being us^. The scale of tide pole readings 
is on the left edge of the diagram and the scale of time along the bottom. A 
fair curve is drawn through the plotted points (shown with small circles) to 
eliminate small errors and mistakes of x)bservation. In this example, for 
instance, it is clear that the reading at 1430, shown with a double circle, is a 
mistake, probably read off a foot wrong, and this is neglected when drawing the 






hts(f^) » 



curve. The times and heights of high and low water should be read off the curve, 
since this is more accurate than estimating them directly from the wle. 

The general principle observed for the reduction of soundings in Admiralty 
surveys is that soundings are never increased by more than one quarter of the 
unit employed (see p. 227) ; therefore the tidal reduction changes to the next 
higher foot when the decimal of the height of tide above datum is 0-3. (When 
the unit is fathoms, this principle entails that 19 fathoms 4 feet reduces to 
19 fathoms, and 19 fathoms 5 feet to 20 fathoms, etc.) 

Suppose that the level of sounding (i.e., chart) datum corresponds to 0-4 ft. 
on the pole, then, on the right-hand side of the diagram, jjoints are marked 
(with crosses) at 0-7, 1-7, 2-7 ft., etc. {i.e., 0 3, 1-3, 2-3 above datum). Horizontal 
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(pecked) lines, drawn through these points to cut the tidal curve, indicate the 
values of the reduction and the times at which it changes. 

A table, which will provide the necessary data for the reduction of soundings, 
may be made out in the form : From 0800 till 0817, reduction = 6 ft. 

„ 0818 „ 0853, „ = 7 „ 

„ 0854 „ 0940 „ = 8 „ etc. 

Except in special cases, such as when checking dredged depths, sounding in 
enclosed harbour basins, etc., it is the practice in Admiralty surveys to disieprd 
fractions of a foot both in taking the soundings and in applying the reductions. 

Hydrographic surveys often extend to considerable distances from the coast 
or may have no connection with the land at all, and the problem of obtaining 
tidal observations for the reduction of soimdings is not so simple as it is in 
coastal or harbour work. There is no reliable information regarding tidal range 
in mid-ocean ; off a coast facing the ocean the range is likely to decrease pro¬ 
gressively, but this may not be so in enclosed areas. In depths of over 20 
fathoms, unless close to the land, tidal movements may be generally neglected 
without impairing the accuracy of the chart to any serious extent, or, alterna¬ 
tively, a small arbitrary correction, e.g., 1 fathom, may be applied to all sound¬ 
ings. In shallower water, however, tidal movements must be taken into account. 

Anything in the way of continuous observations at off-shore stations, whilst 
sounding is in progress, is usually impracticable, but useful data regarding tidal 
movements may sometimes be acquired by one or more of the following 
methods: 

(а) Successful tidal observations have been made in the past with apparatus 
which could be used from the ship at anchor or which could be left to work by 
itself : the principle of operation being to measure the chemge of pressure on or 
near the sea bed as the tide rises and falls. Unfortunately the apparatus was 
somewhat difficult to operate and was expensive, so that it has not been 
generally adopted. Up to date, however, this appears to be the most accurate 
means of obtaining tidal observations at sea. 

(б) If in the area there are shoal patches with a fathom or less water, it 
may be possible to erect a tide pole on one of them, or on the edge of a drying 
batik (the mast of a wreck situated in the area may make an ideal support for 
the pole). If it is possible to read the pole at any time, then the established 
datum at a place on the coast in the vicinity should be transferred to this new 
pole by means of comparative observations, as already described. It may, 
however, be feasible to read the pole only under one of the following conditions: 

(i) To make all the observations necessary for transferring an established 

datum ; but, during sounding, to observe only at the times of high and 
low water. 

(ii) To make all the observations necessary for transferring an established 

datum, but to observe at no other time. 

(hi) To observe only the times and heights of high and low water occurring 
during daylight. 

(i) In this case the tidal curve for reducing soundings must be drawn through 
intermediate heights calculated from the times and heights of high and low water 
with the aid of Table I in Admiralty Tide Tables. This will give a good approxi¬ 
mation, except in cases where there is marked distortion of the tidal curve due 
to shallow water effects. 

Provided that the high and low water observations start before, and finish 
after, the period of sounding, this method can also be used with tides in which 
the diurnal component is relatively large ; but it must not be used when the 
diurnal component is so large that only one high and one low water occur in 
24 hours. 

No very high standard of accuracy can be claimed, but, when observations 
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are necessarily limited to a few readings at about the times of high and low 
water, it is probably the best that can be done in offshore positions. 

(ii) In this case the ratio of the ranges, ^ ; the mean tide levels, m' and 

M'; and the mean time interval between the tides at the pole in the sounding 
area and that at the established datum (all calculated from the observations 
for transferring datum) must be used for computing the tides in the sounding 
area from tide pole readings at the established datum. 

Example.—In a survey of the Kentish Knock Sand (l3dng about 20 miles off 
Margate) a permanent tide pole was erected at Margate, and a temporary one on 
the Kentish Knock Sand. 

Observations for transferring the datum from Margate to Kentish Knock 
gave : 

At Margate, At Kentish Knock, 

D = 2-3 ft. on the pole d =10-6 ft. on the pole 

R' = 14-3ft. r' =111 ft. 

M' = 10-35 ft. above zero of pole m' = 6-25 ft. above chart datum 

(or 8-05 ft. above chart datum) (or 16-85 ft. above zero of pole) 

Mean time difference : Kentish Knock 5 minutes earlier than Margate. 

Then, ratio of ranges, = 0-78. 

The height of the tide at Margate referred to M', when the reading on that 
pole is X feet = x—10-35 ft. 

and, the corresponding height of tide at Kentish Knock 
= m' (above chart datum)-^0-78 (x—10-35) 

this height being reached 5 minutes before the Margate pole reads x feet. 

Heights of tide at Kentish Knock computed by the above formula from tide 


pole readings at Margate ; 

At Margate 

Reading of Height above 
Time Tide pole M.S.L. 

Time 

At Kentish Knock 
Height above Height above 
. M.S.L. chart datum 

1000 

17 3 

+7-0 

0955 

+6-4 

11-7 

1100 

16 4 

+6-1 

1055 

+4-7 

11 0 

1200 

14-0 

+3-7 

1155 

+2-8 

9-1 

1300 

10-4 

0-1 

1255 

0 

6-3 

1400 

6-7 

—3 6 

1355 

—2-8 

3 4 

1500 

3-9 

—6-4 

1455 

-5-0 

12 

1600 

2-4 

—7-9 

1555 

-6-2 

0 


These computed tidal heights at Kentish Knock are plotted as previously 
described, and the sounding reduction read off the fair curve. 

This method gives a good approximation if the diurnal component of the tide 
is relatively small, and if the tidal curve is not very distorted by shallow water 
effects. 

(hi) In this case, if the diurnal component of the tide is not very large, the 
datum will have to be transferred (though with some loss of accuracy) using 
only daylight observations of the times and heights of high and low water. To 
determine the sounding reductions, one of the methods described in (i) and 
(ii), above, must be employed, depending on whether the new pole can be read 
while sounding is in progress or not. 

If no observations can be made ashore while sounding is in progress, and if 
there is no reason to believe that-tfie tidal movement in the sounding area is 
of a type different from that on the adjacent coast, tidal movements should be 
predicted, by the methods given in Admiralty Tide Tables, Part III, for the 
nearest coast station listed in the Tide Tables, Part II (if the nearest coast 
station happens to be a standard port, predictions of high and low water are, 
of course, taken direct from Part I). The sounding reductions are then calculated 
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from these predictions combined with such observations as are available in the 
sounding area, by the appropriate method described above. 

(c) If the establishment of a tide gauge in the sounding area is quite in^s- 
sible, some indication of the tidal movement could be obtained by sounding, 
at various states of the tide, from the ship or boat anchored in a position where 
the bottom is level. These soundings combined with predicted tides at the 
nearest coast station could supply rough data for calculating the sounding 
reductions. The need for resorting to such methods is, however, exceedingly 
unlikely. 

Tidal Observations for Analysis and Investigation. —The methods of analysing 
tidal observations for the computation of harmonic and non-harmonic constants 
are fully described in Admiralty Tide Tables, Part III. A continuous series of 
readings of the water level at hourly intervals is required for the purpose of 
analysis, and in finding the harmonic constants a period of 29 days is regarded 
as a unit; when a longer series is available, the constants are calculated in¬ 
dependently from each unit of 29 days. When observations cannot be continued 
as long as 29 days, the constants can be calculated from a 15-day series and 
finally, if circumstances preclude a 15-day period, approximate constants can be 
found from two series of 24 hours. Tidk readings for the purpose of analysis 
should be recorded to the nearest 0 1 of a foot, and the greatest care should be 
taken to ensure accuracy in all readings, especially when 24-hours series are 
being observed; with longer series occasional errors of reading will not affect 
the results appreciably. The time used for the records should be the zone time 
applicable to the region, as given on the Admiralty Time Zone Chart. 

Mean Sea Level. —^The determination of mean sea level is of great practical 
importance and scientific interest. It is, however, subject to seasonal variations 
and cannot accurately be determined from less than a year’s observations. 
(It should be noted that when the harmonic constants are computed, mean sea 
level on the central day of the series is obtained automatically. If the seasonal 
changes in mean sea level for a pK)rt in the vicinity are given in Admiralty 
Tide Tables, then the correction appropriate to the central day of the series 
should be appUed to the computed height of M.S.L. (A^ or in harmonic 
notation). This may only be done if both ports are on the open coast; it is not 
valid if one of the ports is in a river.) 

Tidal Prediction. —Methods of predicting tidal movements from the data in 
Parts I and II of the Admiralty Tide Tables are fully described in Part III of 
that publication and need not be repeated here. Predicted heights should not, 
as a rule, be used for reducing soundings in a regular survey, but they are 
required for sweeping (see Chapter XI) and must sometimes be used for 
sounding if tidal observations cannot be made (see above). 

Tidal Streams 

Observations to determine the flow of tidal streams and currents are a 
necessary part-of a hydrographic survey. The accumulation of really compre¬ 
hensive data regarding horizontal water movement in any particular area is 
hardly practicable within the time normally available, since an extensive 
series of observations would be required at a very large number of stations. 
These horizontal movements of the water often va^ considerably at places 
only a short distance apart, and the rate (and possibly the direction) of the 
stream is not generally constant at all depths below the surface in any one 
position. In consequence, although observations over short periods should 
nfever be neglected, complete observations, as described on page 322, must be 
limited to a few selected positions where the results will be of most value to the 
mariner and will provide data for approximate interpolation at other jxiints in 
the area. 
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APPARATUS AND METHODS EMPLOYED 

For the measurement of tidal streams and currents various contrivances have 
been evolved to meet different requirements; they may, however, be divided 
into two main categories. 

(а) Drifting Logships, which may be subdivided into : 

(i) Those which are allowed to drift freely and whose positions are 

fixed, during the period of the observation, by an accompanying 
boat, or from stations ashore. 

(ii) Those attached to a marked log line and which are streamed and 

observed from a vessel at anchor. 

(б) Current Meters, which are lowered from a ship or boat at anchor, or are 

attached to a buoy, and are fitted with mechanism to register the flow 
of the stream during a certain period. 

Types of all the above can be used for observing both surface and sub-surface 
currents ; and one type in category (a) can be used for obtaining an average 
direction and rate between the surface and any desired depth. 

Drifting Logships.—^With the exception of those used for observing purely 
surface currents, the same types of logship are used whether they are allowed to 
drift freely, as in (a) (i), or are attached to a marked log line, as in (a) (ii). A 
ship (or boat) at anchor in a current or tidal stream usually yaws considerably 
and, with any wind “ sails ” towards and away from her anchor, so that the 
results of observations made from her will be burdened with certain indeter¬ 
minate errors unless some accurate means can be found for plotting her move¬ 
ments relative to the ground while the observations are in progress. Conse¬ 
quently, whenever possible, the freely drifting logship should be used in 
preference to one streamed from an anchored vessel, especially for observations 
in harbour approaches, narrow channels and rivers. Generally speaking, 
observations from anchored vessels should be confined to deep water, or wide 
and unrestricted channels, where the whole body of water is moving in a more 
or less uniform direction at a more or less uniform rate. 

Pole Logships. The most important observation from the navigational point 
of view (since it gives, more nearly than any other, the set actually experienced 
by a ship), and the one that should always be given priority, is that which 
measures the average direction and rate of flow between the surface and any 
depth below the surface, down to 30 feet or so (according to the depth of water 
and the average draught of the vessels using the waterway in which the observa¬ 
tions are being made). For this, a pole logship is used, consisting of a light 
spar, to 3 inches thick, either square or round in section, but which must 
be of a uniform thickness throughout its entire length. The spar, cut to the 
required length, is weighted to float vertically with its upper end just showing 
above water. The weights must be of the same thickness as, and should form 
part of, the spar itself, so that a true average of the sets at all depths, down to 
the bottom of the spar, may be obtained. The spar should be surmounted by a 
small white flag, or multi-surface reflector, either of which show up clearly at 
night in the beam of an Aldis lamp or powerful torch. 

Surface Logships. Any small buoy or fisherman’s pellet will serve as a freely 
drifting logship for measuring surface currents, provided its draught does not 
exceed one foot and its freeboard is kept to the minimum (to avoid windage) 
consonant with it being plainly visible by day and, in the beam of a torch, at 
night. 

Iroquois Logship. For obtaining the direction and rate of flow at any depth 
below the surface, from 6 to about fiO feet, the “ Iroquois ” logship can be used. 
Its construction can be seen in Fig. 187. The buoyancy is adjusted by means of 
the cork E until the buoy just supports the canvas vanes but no more. 
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A, cylindrical iron buoy, carrying a small flag or reflector. 

B, swivel for attaching distance and log lines. . . j- 

C, distance line of Y S.S.F.W.; this can be made up in various lengths according 

to the depth at which the observations are required. 

D, slings of Y S.S.F.W. 

E, cork for adjusting buoyancy. 

F, cross-pieces of iron flat, 1' X Y; 

G, canvas vanes seized to cross-pieces. 

Methods of observing freely drifting logships. The methock are the same for 
all types. A small buoy should anchored in the position at wmch the 
observations are required (though if there are sensitive cross transits mter- 
secting the position the buoy may be dispensed with dunng dayhght obse^a- 
tions). The logship is carried in a boat, and at regular hourly mtervals, it is 
streamed close up-stream of the buoy, ^^en drifting freely its position is fee 
from the boat and the time noted, after which the boat backs cle^ ^d then 
drifts along with the logship. The logship is allowed to dnft for a short penc^ 
of about one or two minutes, according to the rate of the dnft and is then 
approached and its position fixed before it is picked up (or touched m any way). 
It is useful, for checking the terminal fixes, as well as for spottmg vagaries 
in the direction or rate of the flow, for the boat to approach the logship closely 
and fix its position two or three times during its drift, though the greatest care 
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must be taken to avoid violent engine movements when close to the logship for 
fear of affecting its free drift. Fixes must be made with the utmost accuracy 
and the times of fixes must be recorded to seconds. For night observations the 
objects used for fixing must be illuminated by lamps, or by searchlight from the 
ship. 

When observations are being made fairly close to the shore, such as in the 
entrance to a harbour, it may be preferred to fix the positions of the drifting 
logship from a conveniently placed shore station, by bearing (observed with 
theodolite, sextant or compa.ss) and distance (observed with a range-finder). 
For night observations the logship can be illuminated by the accompanying boat. 

Triangular Logship. For observations of surface currents from an anchored 
vessel, the logship of traditional design is commonly used, and although it 
appears always to underlog slightly, it is probably as simple and effective for 
its purpose as any that can be devised. It consists of a segment of stout 
wood with an angle of about 120° and a radius of about 2 ft. Sufficient sheet 
lead is nailed on near its circumference to make it float with its apex only just 
above water, so that it will not be appreciably affected by the wind. For use 
from the ship or a boat at anchor, a log line of small size (usually cod-line) and 
about 100 yards in length is required. One end of this is secured near the apex 
of the logship, and ordinary bottle corks are attached at intervals of not more 
than 15 ft., so that it will float on the surface as the logship drifts away. Dis¬ 
tinctive markings should be inserted in the line at every 10 ft., starting with a 
zero mark at a point about 10 fathoms from the logship end. 

Methods of observing from an anchored vessel. The log line having been rove 
through a fairlead aft, the logship is lowered into the water and allowed 
to drift away. At the moment the zero mark passes through the fairlead, 
the time is noted and the direction of the outboard part of the line is observed 
with a prismatic compass, or preferably a gj^o repeater mounted on the taffrail. 
After an even number of minutes, depending on the strength of the stream, 
the amount of line which has run out is read and its direction is again observed. 
If the logship itself is visible at the beginning and end of the run, it is better 
to observe bearings directly to it and it may also be possible to obtain its 
distance directly by range-finder or by an angle of depression below the hori¬ 
zon. The marking of the log line at 10-ft. intervals simplifies any calculations 
of the tidal stream rate, since each 10 ft. of line run out per minute is equiva¬ 
lent to a velocity of OT of a knot. 

The determination of the direction and rate of flow from observations of this 
type is not so simple as would, at first, appear; nor, as a rule, can any high 
degree of accuracy be expected, since the movements of the ship about her 
anchor during the observation, can, in most cases, be determined only approxi¬ 
mately. Sometimes it may be possible to obtain station pointer fixes by sextant 
angles to shore objects at the beginning and end of the run, and in such cases 
the movement of the logship can be ascertained from a plot on a mooring 
board with all required accuracy. If, however, a land fix is not obtainable, no 
entirely satisfactory means have been evolved for detecting under all conditions 
the true movements of the observing position and hence those of the logship. 

A method, which has been used with success in moderate depths, is to attach 
a small-sized wire, marked in fathoms, to a sinker and to lower it to the bottom, 
from the stem, at the beginning of the observation, pajdng out the wire but 
keeping it hand taut while the mn is in progress. The sinker being stationary, 
the movement of the stem and hence that of the logship can be found, on 
a mooring board, by plotting the bearing of the wire and the amount run out 
at the end of the run multiplied by the cotangent of its angle of depression. 

An alternative method is to fix the position of the stem by bearing and 
distance from a buoy which has been tautly moored with heavy anchors just 
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outside the swinging radius of the ship. The buoy must have a large reserve of 
buoyancy to avoid being towed under in a strong stream and every precaution 
must be taken to restrict its movement to the absolute minimum. It must be 
lighted at night or illuminated by a searchlight. 

The ship should be fixed by bearing from the standard compass and range¬ 
finder distance of the buoy (a) when the logship is let go, (6) when the strayline 
has run out, and (c) at the end of the,observation. 

The observation spot itself can be fixed by noting the direction of the ship’s 
head and applying the known distance along this direction at each observation. 

The following example will illustrate the correction of observations. This is 
best done by plotting on squared paper or a mooring board. 

Distance from standard compass to observation spot is 90 feet. Length of 
strayline is 50 feet. 

(a) Logship let go. Ship’s head 359°. Buoy 090°—480 feet. 

(b) Strayline out. Ship’s head 018°. Buoy 080°—470 feet. Direction of 

logship from observation spot 279°. 

(c) End of observation (2 minutes after (6)). Ship’s head 009°. Buoy 075°— 

370 feet. Direction of logship from observation spot 250°. Amount of 
line out 200 feet (-f50 feet of strayline). 



In Fig. 188, a, b, c are the positions of the standard compass, a’, V, c' are the 
corresponding positions of the observation spot. Li is the position of the 
logship when the strayline has run out and L, its position at the end of the 
observation. 

From the plot, LiL,=220°, 117 feet; i.e., the stream is 220°, 0-6 knots. 

Correction by this method can only be considered as approximate since the 
buoy is certain to be moving slightly during the observations and wind or 
surface stream will affect the buoyed log line and hence the logship. a', L,, L, 
should in theory plot as a straight line but, for the reasons given above, it is 
unlikely that they will do so. 

The methods of making the observations with the pole logship and Iroquois 
logship from an anchored vessel are the same as those described above. In the 
case of the pole logship the log line is secured to the upper end of the spar; 
with the Iroquois logship it is secured to the swivel (B in Fig. 187). 









314 



Chap. XV 


Current Meters.—Various instruments have been designed for the purpose 
of making direct measurements from a stationary position of the rate and 
direction of the horizontal movement of the water at different depths. All 
such instruments rely on a magnetic compass for obtaining the direction 
measurements, but two entirely different principles have been invoked for 
obtaining the velocity measurements : 

(1) From the number of revolutions made in a given time by a small pro¬ 

peller which is revolved by the flow of the water, e.g., the Ekman Meter. 

(2) From the angle of tilt taken up by a heavy disc which is constrained to 

the vertical by gravity, e.g., the Wollaston Meter. 

Ekman Current Meter.—This instrument is designed for use from a ship or 
boat at anchor where the stream does not attain a rate of more than 3 to 3J 
knots. It is illustrated in Plate P. 

The instrument is lowered and hoisted by a wire (I* F.S.W.), A, which is 
marked at every fathom, or may be led over a measuring sheave, and is fitted 
with an eye splice to take over a lug on the spindle B which passes right through 
the body of the instrument so that the latter can revolve freely. A sinker, 
consisting of a fish-shaped lead about 25 lbs. in weight, is attached to the link 
C so that the supporting wire does not grow out very far from the vertical in 
the stream. The action of the water on the vane D keeps the instrument fore 
and aft the stream. A very light propeller E is freely revolved by the flow of 
the water past the instrument and turns a train of sprocket wheels in the com¬ 
partment F, which serve the double purpose of : 

(1) Registering the number of revolutions of the propeller on the dials shown 

on the face of the compartment. 

(2) Freeing a number of small bronze balls previously loaded into the maga¬ 

zine G, and allowing them to fall one by one, after every so many 

revolutions of the propeller, into the compass box H. 

The compass needle is in the form of a sloping trough and the balls, falling 
into the upper end of the trough over the compass pivot, roll down and fall 
into compartments of the circular box J. A double set of compartments, 
arranged concentrically, is fitted in J and each compartment embraces an 
angle of 20°. 

It is necessary to arrange for the recording gear to be started after the instru¬ 
ment is lowered to the required depth and stopped before it is hauled up : this 
is effected as follows : 


Before being lowered, the instrument is “ cocked ” by closing the two doors 
K K, which lock automatically, and pushing the lever L towards the wire. The 
propeller will then be free but the closed doors prevent the water flowing through 
and turning it. After being lowered to the required depth a messenger N is 
fitted on the wire and dropped. Sliding down the wire, the messenger strikes 
the lever M, the doors are opened by the action of a spring and the water can 
now pass through to revolve the propeller. To stop the recording gear, a second 
messenger is fitted on the wire and let go. This strikes the first messenger, 
transmits the blow to the lever M and now allows L to move to the left. A toe 
actuated by L stops the propeller and the instrument may then be hauled 
up. 

A position should be selected for operating the meter where the tidal stream 
will be affected as little as possible by the hull of the ship. At shallow depths 
it is best to suspend it from the end of the lower boom provided the ship is not 
rolling too much; in depths greater than the draught of the ship, it may be 
operated from the stem. The procedure in use is as follows : 

(1) Having assembled all parts and attached the suspending wire and 
sinker, load the magazine with balls, set the dials to zero and cock the 
instmment. 



















315 


Chap. XV 


(2) Lower to the required depth and wait about a minute for the compass to 
settle down. If the wire is seen to ^ow out much, its inclination 
should be estimated and lowering continued until the correct depth is 
reached. 



Plate P 

(3) Release the first messenger and start a stop-watch at the moment of its 

impact on the meter. This impact can be felt in moderate depths by 
placing a finger on the wire. At deep settings, however, this may not 
be possible, and the watch should be stated when the first messenger 
is released and stopped when the second is released ; it can be assumed 
that they fall in equal times. 

(4) Allow the meter to run for about two minutes in strong tidal streams, 

for four or five if the stream is weak. 

(6) Release the second messenger and note the time of impact (or release) 
as before. 

(6) Haul up the instrument, note dial readings and remove box J to count 
the balls in the compartments. 

Calculation of the results is effected as follows : 

la) The rate of the stream is calculated from the number of revolutions per 
minute by means of a curve or formula derived from calibration tests 
and supplied with the instrument. 
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[b) The direction towards which the stream flows is found from a count of 
the balls in each compartment of the box J. If, for example, the balls 
are found to have fallen thus : 


Compartment 
Number .. 

The mean direction is 


010°-030° 020°-040° 030°-050° 
2 5 3 

2 X 020 + 5 X 030 + 3 X 040 
10 

= 031°. 


Observations obtained by current meters of this type are subject to some 
inaccmracy due to the movements of the ship and the meter itself. No useful 
results are achieved by attempting to correct the observed readings for the 
ship movements (which may be approximately estimated), whilst no means even 
exist for ascertaining the movements of the meter. By repeating the observa¬ 
tions several times, errors from these causes may be largely eliminated. 

Wollaston Current Meter.—This instrument is much larger and heavier than 
the Ekman meter and is suitable for measuring currents up to six knots. Its 
external appearance is shown in plate Q. 

The instrument is lowered and hoisted by a wire pendant (1* F.S.W.) secured 
to a ball bearing shackle A which allows the rest of the apparatus to rotate 
freely about an approximately vertical axis. Below A, a vane B, attached to 
the rod C, serves to steer the meter into the current, and the main frame D is 
shackled to the lower end of C. The main frame carries two heavy streamlined 
sinkers EE and bearings F for the drum G which contains the recording mechan¬ 
ism. Two hangers on the drum carry the pressure bar H to which are attached, 
by means of rods, the pressure plates JJ and counterbalance weights KK. Two 
sizes of pressure plate are supplied, the larger for use for currents up to about 
3 knots, the smaller for currents up to about 6 knots. The action of the water 
on the pressure plates turns the drum G through an angle dependent on the 
strength of the current. 

A detailed description of the recording mechanism, with instructions for 
assembly, nmning and maintenance, is contained in a booklet supplied with 
the instrument by the makers (Messrs. Hughes & Son). 

Briefly, the nature and operation of this mechanism is as follows : 

The end plates of the drum are removable to permit access to the recorder, 
but are fitted to make watertight joints. Bars secured on the inside of the 
cover plates carry bearings for the recorder gear which is mounted on a base 
plate, suspended between these inner trunnions, so that angidar movements of 
the outer drum in the fore-and-aft line of the instrument are not directly com¬ 
municated to the remainder of the mechanism. The base plate carries a central 
clock-driven drum on which a blank paper chart is secured ; this rotates every 
24 hours and runs for 8 days, or a fast running clock can be supplied to rotate 
the drum once in cm hour arid run for 30 hours. The latter clock can be started 
and stopped by mechanism accessible through a screw plug at the top of the 
outer casing, but the standard or slow clock is not provided with starting and 
stopping mechanism. 

The speed record is made on the paper by a Ditmar pen mounted on a carriage 
which is drawn, between vertical guide rods, by a fine cord attached to a lever 
which, in its turn/ is connected to one of the bars on the inside of the end plates. 
Since the recorder is slung on truimions, it is not tilted by a rotation of the 
outer dnun, but the rotation is transmitted to the pen which is given a vertical 
movement corresponding to the angle of tilt. A damping system is provided 
to eliminate the effects of any oscillation caused by waves and surging of the 
meter. 

The direction record is made on the same paper by means of a cylinder, 
mounted, between pivots, on a carrier attached to the base plate and containing 
two parallel magnets. The outer surface of the cylinder carries a raised spiral 





























318 




















































319 


Chap. XV 

covered with inked ribbon and is not normally in contact with the cl^k drum 
The cylinder carrier, however, is itself pivoted and is proi^ded with a pawl 
engages with teeth on the base of the clock drum. As the latter revolves the 
pawl is alternately lifted and aUowed to faU into a space betw^n two t^th ; 
when it falls, the cylinder with its ribbon is propeUed towards the clock drum 
by a spring and leaves a mark on the paper from that portion of the spiral 
which makes contact. The motion is arranged to withdraw the cyhnder agam 
as soon as the mark has been registered.- The height of the m^k on the paper 
above the clock drum base indicates the direction towards which the current 
is flowing. .... . . . j 

Cahbration of each instrument is carried out before it is put m ^d 

two sets of glass scales (one for each pair of pressure plates) graduated for the 
particular instrument, are supplied for reading off the speed and ^ection of 
the current from the record. A datum-marking device is embo^ed m the 
instrument and the datum hne is marked on the scales so that they can be 
correctly placed on the paper. ^ . 

A portion of a typical record is shown in Fig. 189. The sp^d m^artogs are 
showTin red and the direction is indicated by a series of dashes at 20-mmute 
intervals. Fair curves, as shown by the dotted hnes, should drawn and the 
rate and direction are then read off by means of the glass scale appropriate to 
the pressure plates in use. For convenience, a scale of speed, direction and time 
has been added in the figure. , , . ^ 

The Wollaston current meter may be used from the ship at anchor m the 
manner previously described, but, since a continuous record k made, it is 
unnecessary to haul it up repeatedly as must be done with the Ekman meter. 
The results are subject to errors of uncertain magnitude due to movements of 
the ship, and at shallow settings the compass may be affected ^ the proximity 
of the hull. Owing to its weight (about 1} cwt.) the meter is difficult to operate 
from small boats. . . j • i 

A continuous series of current observations may also be obtamed by leaving 
the meter secured to a buoy anchored in a sheltered position ; m open waters 
it is probable that the motion of the buoy would prevent the recordmg apparatus 
worldng satisfactorily. If a buoy is used it is neces.sary to have an a^ge- 
ment to prevent the meter fouling the buoy moorings when the stream ch^ges. 
This may be effected by securing the float, which must be used to support the 
meter at the centre of a wire span connecting two buoys anchored well apart, 
or if only one buoy is used, the float and supporting wire can be kept clear by 
securing it at one end of a distance piece, e.g., a 30-foot pole, which has its other 
end attached to the buoy. 


Roberts Radio Current Meter.—This machine has been developed by the 
U S. Coast and Geodetic Survey. It consists of a floating raft which cam^ a 
radio transmitter, beneath which is suspended, at the requir^ depth, the 
meter. At regular intervals a signal is emitted from the transmitter which is 
received by either the parent vessel or a shore station. By the use of several 
such meters, whose transmitters are operating at different frequencies, a number 
of observation spots may be occupied simultaneously and the parent vessel is 
not immobiUsed during the observations. 

The construction of the meter is, briefly, as follows (see Plate R). 

The housing of the meter B is of streamlined shape and is suspended from a 
yoke K so as to be steady and stable in all directions. The horizontal and verti¬ 
cal fins C and D keep the meter head to stream and, to minimise yawmg, a wire 
is led from the impeller guard F to the float moorings. 

The impeUer A has four blades and is magnetically connected to the drivmg 
element • there is no mechanical connection between the two. The arrangement 
consists of two identical soft iron armatures, one on the impeller at N Md one 
on the spindle of the meter-drive mechanism at M. Each armature has six 

I 
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"alnico” studs mounted on its face near the periphery and the magnetic attrac¬ 
tion between the armatures ensures that the armature at M rotates in sympathy 
with that at N. There can, therefore, be no leakage of water into the body of 
the meter. “Alnico” is an alloy of aluminium, nickel and cobalt and is capable 
of holding a very high magnetic charge. The deviation imposed on the compass 
needles by this arrangement is stated to be no more than one degree. 

The compass system consists of two " alnico ” needles, Q, so spaced as to 
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have equal moments of inertia about the N—S and E-W horizontal axes. 
They are mounted between bearings in gimbals. 

The operation of the meter is as follows : 

The meter aligns itself to the current and the impeller transmits its rotation 
magnetically to the gearing inside the meter body. 

Two sets of contacts are provided within the meter; one set is always 
orientated in the magnetic meridian by the compass needles, the other is 
orientated in the fore-and-aft line of the meter and hence in the line of the 
stream. A revolving contactor driven from the gearing can make contact with 
both sets of contacts. 

Velocity signals are emitted regularly as the rotating contactor passes the 
compass contacts with each revolution. Direction contacts are made, every 
second cycle only, when the contactor passes the other set of contacts. 

The signals are transmitted to the float and thence by radio to the receivmg 
station where they operate one stylus of a chronograph, the other stylus being 
operated by a clock. 

It will be seen therefore that the Velocity (" V ") signals can be distinguished 
on the chronograph tape from the Direction (“ D ") signals from the fact that 
the latter only appear every other cycle. It will also be seen that as the 
direction of the stream changes so the position of the " D ” signal will alter on 
the tape, relative to the positions of the “ V ” signals on either side of it. 

Fig. 190 shows an example of three tapes where the stream velocity is the 
same on each but the direction is different. 
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Fig. 190 

The ticks of the clock are at the bottom of the line common to each stylus 
and are shorter than the " V ” or “ D ” marks since the meter contacts remain 
closed for a longer period than those of the clock. 

It will be noted that on tape (a) the " D ” marks are exactly half-way between 
the “ V ” marks and thus indicate a stream direction of 180®. On ta]^ (b) they 
are a little less than one-third the distance from the. preceding “ V ” mark to 
the following one—approximately 100®. On tape (c) they are very close to the 
“ V ” mark which follows them indicating, approximately, a stream of 340®. 

The meter is still under development. Present claims for it are that it will 
indicate velocities correctly down to 0'2 knots and directions to an accuracy 
of 10® 

TIDAL Stream and Current Observahons Required 

(a) The principal requirement is for observations that will give the tidal 
stream and current that would be experienced by a ship drawing 
30 feet (or in shallower water, by a ship of correspondingly less draught). 
These observations should be made with the pole logship, as previously 
described, preference always being given to observations with a freely 
drifting logship. 
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(6) Whenever possible, the direction and rate near the bottom, preferably 
within a fathom of it when weather conditions allow, should always be 
obtained at tidal stream stations occupied by the ship at anchor. 

(c) In intricate channels or at the meeting place of two or more waterways, 
the streams in the lower layers may differ very considerably from those 
in the upper layers, both in direction and rate. When the drift of a 
pole logship appears to differ from the surface flow, it should be in¬ 
vestigated by observing the streams in the different layers (observations 
on the surface, at 3 fathoms and at 6 fathoms will usually suf&ce). 
Each set of observations must be analysed separately. 

A series of observations of any of the above types consists of 26 or preferably 
26 consecutive observations at hourly intervals. A half-series consists of 13 
consecutive observations at hourly intervals, or, if the observations are inter¬ 
rupted, of a complete series of which not more than 11 consecutive observations 
have been omitted. A series or half-series cannot be made up from broken 
observations. 

Although definite results can be obtained from a half-series when diurnal 
inequality is small, a complete series is necessary when the diurnal inequality 
is appreciable. 

As the subsequent investigation and analysis of the tidal streams must 
generally be based on a short series of observations, it is of the greatest im¬ 
portance that each observation should be as accurate as possible. 

In Home Waters, where the tides and tidal streams are predominantly semi¬ 
diurnal the observations should be made at or near the occurrence of spring 
tides and, when circumstances permit, a further set of observations should be 
made at or near neap tides. Observations abroad should invariably be made in 
two complete series, separated by a period of about 7 days, as instructed in 
Section III of Admiralty Tide Tables, Part III. 

All observations should, of course, include the direction of the stream as well 
as its rate. 

CURRENTS 

Horizontal movement of the water is the resultant of tidal stream and 
current, and it is this resultant which is recorded by the observations which 
have been described in this chapter. Currents may be permanent, seasonal 
or temporary, and their direction and rate, both surface and sub-surface, 
are of much interest and great importance. The distance off shore, and the 
depth, to which the tidal streams extend are generally unknown ; it is probable 
that in shallow enclosed seas, such as the North Sea, the tidal streams extend 
over their whole area down to the sea bed ; whereas off coasts where the bottom 
falls steeply to oceanic depths, the tidal streams are probably felt only a short 
distance away from the shore, and outside this distance all horizontal water 
movement is due to current. 

Except for observations from a ship or boat at anchor (themselves far from 
being entirely reliable, see p. 310) all methods of observing currents must be 
considered to give only approximate results, subject to unknown errors. 
The method of assuming that the difference between the true and dead reckoning 
positions is due to a steady current lasting through the period between absolute 
observations for position is unsound, being based on approximate data only ; 
while that of observing the surface current from a boat riding to a weighted 
sea anchor, of large superficial area and veered to a great depth, only gives 
the difference between the surface current and the current at the depth of the 
sea anchor. Observations of the drift of a boat away from an anchored buoy 
(anchored with a sinker and sounding wire if the depth is great) are probably 
more reliable, though there can never be certainty that the buoy has not dragged. 
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Reliable conclusions about currents can only be drawn from a great number of 
observations (each of which is, by itself, of little value) spread over long 
periods of time. No opportunity, therefore, should be lost of obtaining such 
observations, both surface and sub-surface, by any means which ingenuity may 
suggest. 

Analysis of Tidal Stream and Current Observations 

Detailed instructions for the analysis and prediction of tidal streams and 
currents are contained in Admiralty Tide Tables, Part III. In general, the 
methods used are similar to those for analysing and predicting vertical move¬ 
ment of the water, but as the measurements on which they depend are less 
accurate and of shorter duration, the results are not so precise. 
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CHAPTER XVI 

ASTRONOMICAL OBSERVATIONS 

Observations for Position. 

The location of a point on the earth’s surface is defined in terms of latitude 
and longitude, i.e., by its geographical co-ordinates which must be determined 
by astronomical observations at the point itself or derived through the triangu¬ 
lation from observations at some other point. 

The figure of the earth is very nearly that of an oblate spheroid which can 
be regarded as formed by the revolution of an ellipse about its minor axis. 

N 



NQSE, Fig. 191, is a plane section through the poles, N and S, of the earth and 
E, Q are the extremities of the equatorial axis which is about 23 sea miles longer 
than the polar axis NS. The geographical latitude (of any place M on the meri¬ 
dian NQS is the angle at which a normal KML to the ellipse at M cuts the plane 
of the equator, i.e., the angle MLQ. The geocentric latitude of M, i.e., the angle 
MOQ, is only of minor importance to the hydrographic surveyor. The direction 
KM/in the absence of local deflection, coincides with that of the plumb line 
or vCTtical at M and the latitude of that point can be found by measuring the 
zenith distance of a heavenly body of known declination when it crosses the 
meridian NQS. 

Longitude is measured from the meridian of Greenwich Observatory. 

NQSE, Fig. 192, represents a hemisphere, N and S being the poles and EQ 
the equator. NGS is the prime meridian through Greenwich, G. If NMS is 
another meridian through any point M, the longitude (®) of M is the angle 
GNM=GSM which may be measured in time or arc. The time at which a 
heavenly body crosses the meridian of Greenwich can be found from the data 
in a Nautical Almanac; if the time of its passage across the meridian of M 
is observed, the difference will be the longitude of M. 

Astronomical observations are an important element in any original survey 
and call for the highest standard of accuracy compatible with the. use of jwrtable 
instruments. The navigator may only be able to determine his position to 
the nearest mile or so, but he is entitled to expect that the geographical positions 
of points on the chart, as scaled off from the graduation, are frtee from any 
appreciable error. From the point of view of the map-maker and cartographer 
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an important reason for accuracy is that the relative location of individual 
and possibly overlapping surveys must often be effected solely by reference to 



S 


Fig. 192 

the geographical co-ordinates of points fixed in the two surveys. 

Observation Spot.—Normally in a hydrographic survey geographical co¬ 
ordinates are determined by means of astronomical ob^rvations with an 
astrolabe, theodolite, or sextant and artificial horizon, at some point on the 
land known as the observation spot. In choosing a suitable site for an observa¬ 
tion spot, the following considerations should be borne in mind : 

(1) The observation spot should be sited where it is possible to leave perma¬ 

nent marks, surface and sub-surface, for future reference. 

(2) It must be in such a position that it can be directly connected by means 

of angular observations, to the main triangulatioh so that the gw- 

graphical co-ordinates of other points of the survey may be readily 

calculated. 

(3) It should be reasonably adjacent to a landing place so that transport by 

land of bulky and delicate instruments is reduced to the minimum. 

(4) The ground should be firm, preferably rock, so that the observing instru¬ 

ments can be set up on a perfectly stable foundation. 

(5) The position should be reasonably well sheltered from the wind which is 

not only liable to shake the instruments, but also fills the air with dust. 

A place exposed to a moderate breeze, however, may be preferable to 

no wind at all if mosquitoes and similar pests are numerous. 

(6) It should be far enough from the shore to be free from earth tremors 

caused by the surf. 

Accuracy of Astronomical Observations. 

With modem instruments and under good conditions the results of a series 
of observations should give a position apparently correct to within about l'-5 
of latitude and 2'-5 of longitude. This standard of accuracy, however, is 
based on the assumption that the direction of the plumb line at the place of 
observation is the tme vertical, or, to express it in a slightly different way, 
that the surface of a pool of mercury is tmly " level ” or that the bubble in a 
spirit level occupies the “ highest ” point in its tube. Careful observations 
have shown that in many parts of the world small deflections of the plumb line 
from the vertical exist; normally they are not likely to exceed a fractional 
part of a second of arc and are therefore of negligible proportions, but ca^s 
have been found where the deflection amounts to several seconds. The vicinity 
of large mountain masses should be suspect and the surveyor should, when 
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possible, avoid observing in such positions, but he has no certain means of 
ascertaining from the superficial character of the ground whether deflection 
of significant proportions is likely to exist and he can only draw a conclusion 
from a comparison of the results of observations made at different points in 
the survey. The triangulation networks of hydrographic surveys rarely 
extend over distances of more than 200 to 300 miles measured in a toect line 
and, as scale and azimuth can be checked without much difficulty at various 
stages of the work, the accumulated error in the relative geodetic positions of 
two points near the extremes of the survey should be of very small proportions 
compared to the possible errors of astronomical observations for latitude and 
longitude at those two points. In comparing the results of the astronomical 
observations, therefore, at different points in a hydrographic survey with those 
obtained by triangulation, it is usual to assume that all discrepancy may be 
safely assigned to the observations themselves ; if it is more than about 3* in 
latitude and 6* in longitude (i.e., if it exceeds the discrepancy which may be 
expected if the normal errors in astronomical observations of IJ' and 2^' are 
in opposite senses at the two observation spots), deflection of the plumb line 
may be suspected at one or both places. 


Time 

In all astronomical observations for geographical position or azimuth the 
Greenwich Mean Time of each observation (or mean of a series of observations) 
must be determined. Since an error of 1 sec. of time may result in an error of 
15* of longtitude {i.e., about 1,600 feet at the equator or 750 feet at latitude 60°), 
great accuracy in the determination is required. Before the introduction of the 
electric telegraph and radio signalling, the problem was one of considerable 
difficulty. The times of physical phenomena, such as eclipses, hmar distances, 
occultations, etc., could not be observed in the field with the degree of precision 
required by the surveyor, and recoiurse was had to the transport of a large 
number of chronometers from some place of reference of known or accepted 
longitude to the scene of operations. At the place of reference the errors of 
all the chronometers were carefully determined and on passage to and return 
from the survey area their steadiness of running was noted by means'of daily 
comparisons. On arrival back at the place of reference the chronometer 
errors were again determined and it was assumed that in the interval their 
rates had been constant or had varied in accordance with empirical laws 
connecting changes of rate and temperature. Neglecting those chronometers 
which showed anomalous variations indicative of irregular running, the G.M.T. 
at the time of the observations was deduced from a mean of the errors of the 
remainder. Recent observations have shown that longitudes determined by 
this method were often several seconds (of time) in error, and this is hardly 
surprising in view of the length of voyages in those days. 

Chronometer errors in all modem surveys are determined from comparisons 
with radio time signals and, since a large number of these are sent out daily 
from stations in various parts of the world, it is usually possible to obtain 
chronometer errors within a few hours of the time at which the observations 
are made. During this period, i.e., in the interval between comparisons 
obtained before and after the observations, the surveyor must rely on the 
chronometer to maintain a steady rate, and for this reason time-keeping 
instruments of the highest class must still be used. 

Chronometers. 

The present-day equipment of a surveying ship consists of three or four 
chronometers, one of which is fitted to operate a chronograph, and a few 
chronometer watches and deck watches. Instmctions for the care and treat¬ 
ment of chronometers and watches are issued in pamphlet form by the Royal 
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Observatory, Greenwich, and are contained in most works on Navigation, 
and the only notes considered necessary here are as follows : 

(1) Chronometers should be wound daily at the same hour, whether they are 

of the two-day or eight-day type. 

(2) Errors by radio time signals should be determined at intervals of not more 

than a few days in order that the steadiness of rate may be ascertained. 

(3) Comparisons between the chrdnometers should be made daily at the same 

hour. 

The ordinary marine chronometer beats every half-second of mean 
time and the method of comparing two chronometers is as follows : 

Call one of the chronometers (usually that with the smallest and 
steadiest rate) A, open the glass lid so that its beats may be easily 
heard and start counting from 0 when the second hand reaches (say) 
the 66 second mark. Continuing to count the beats of A by ear, look 
at the second hand of chronometer B which should have its glass lid 
shut so that its beats cannot be heard. At the coimt of ten, i.e., the 
even minute on A, note the time shown by B, estimating to the nearest 
one-fifth of a second. If the lid of B is now slightly lifted .so that it.s 
beats can be heard at the same time as those of A, they will be easily 
distinguished by slight differences of audibility and tone, the interval 
between them can be estimated to one-tenth of a second and the 
previous comparison adjusted to this order of accuracy. 

Comparisons between mean and sidereal time chronometers can be 
made with greater precision than between two mean time chronometers 
by means of coincidences. At intervals of about three minutes the 
beats will S5mchronise and it is only necessary to record simultaneous 
readings by the ordinary method of comparison at those times. The 
moment of sjmchronism can be estimated to within a few seconds and 
the accuracy of the comparison should be of the or<ier of one-twentieth 
of a second, which is about the minimum interval between beats 
recognisable by ear. 

(4) When a chronometer is required for observations ashore, it should, if 

possible, be landed at least 24 hours before it is actually required for 
timing the observations and it should be kept ashore afterwards until 
a reliable error has been obtained by time signal. However much care 
is taken in transport from ship to shore and back, it is possible that 
its rate will be affected and it should be given ample time to settle 
down and accommodate itself to the new conditions of temperature 
and humidity which may be experienced. When transporting a chrono¬ 
meter oyer short distances, e.g., from the ship to the shore and back, it 
should be carried in an improvised sling with the face horizontal and 
the gimbals locked. It is unnecessary to stop the mechanism, but 
great care must be taken not to give the clock any sudden jerks or 
twists. Some chronometers, which are fitted for operating chrono¬ 
graphs, are provided with a starting-and-stopping device. This should 
only be used when transport has to be effected over a considerable 
distance since the clock can hardly be expected to recPver a steady 
rate for some days after restarting. 

Chronograph.—This instrument is designed to enable times to be recorded 
with great accuracy. A t5q)ical form is shown in Plates S and T. 

The body of the chronograph A contains clockwork mechanism for drawing 
the tape B at a constant speed across the upper part of the instrument. A 
stariing-and-stopping switch C and a two-speed gear switch D are fitted, 
together with a fine speed adjustment operated by the governor knob E. 
For most purposes it is convenient to run the tape at a speed of about 1 inch 
per second. The tape is supplied in rolls ready for placing on the freely-revolving 
reel F which has a detachable side so that a roU can be slipped onto the spindle. 
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Two solenoids GG, fitted in a frame on top of the instrument, o^rate the steel 
pins HH and cause them to puncture the tape whenever an impulse of electrical 
current is passed through the windings. The motion of the pms is m the 
vertical plane, but their heads are fitted m spnng-loaded pivots, so that the 
movement of the tape can draw the points clear as soon as a puncture has been 
made. 



• is shown in Fig. 193. 

The chronometer is fitted with contacts so that at every other teat, at 
each whole second, an impulse of current is passed throu^ one of the solenoids 
and causes a puncture mark to be made in the tape. To enable the user to 
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distinguish the number of the second corresponding to the mark made by any 
particular beat of the chronometer, the make-and-break is so arranged that 
one half-second beat in each minute (usually at 59-5 seconds) also actuates the 
solenoid ; the puncture mark corresponding to the 60th second, i.e., the exact 
minute can therefore be identified, and by counting from this point on the 
tape the number of the second corresponding to any other mark can be deter¬ 
mined. A condenser is fitted to prevent sparking at the terminals. The inci¬ 
dence-marking key is fitted at the end of a wandering lead so that the observer 
can operate it from a distance. On being pressed, an impulse of current passes 
through the other .solenoid and a record in the form of a pimcture is left 
on the tape. An ordinary signalling key may be used as an incidence marker, 
but a special design of quick-action key has been evolved, and the use of this 
is perhaps preferable since its action is more nearly simultaneous with the 
pressure of the fingers. 

If possible, two operators should be employed when the chronograph is used. 
The instruments must be placed on a good solid table and plenty of light is 
neces^ry ; a tent or hut should therefore be provided so that at night the lights 
are hidden from the observer outside whilst at all times there is freedom from 
wind and dust. One operator, seated in front of the chronograph, keeps it 
wound, starts and stops it, adjusts the speed and, if possible, marks and 
numbers in pencil the signals sent from the incidence key as the tape leads 
clear of the instrument. He also keeps the observer informed of the time of 
approach of each series of observations. The second operator sits to the left 
of the chronograph, winds the tape by hand onto a loose reel as it comes off 
the instrument and, if possible, records the clock time (horns and minutes) on 
the tape at each 60-second mark. The name of the heavenly body observed 
should be written on the tape at the beginning and end of the run. 

The exact times of each observation are found by measurement from the 
puncture marks on the tape. This may be done with a protractor, but a form 
of incidence measurer similar to that shown in Fig. 194 is more convenient. 



spreading fanwise, as shown in the figure. Lines perpendicular to the central 
line of the fan.enable the axis of the measurer to be placed at right angles to the 
tape and it can then be moved up or down until the outer graduations coincide 
with the punctures corresponding to two adjacent second marks between 
which the observation mark has been recorded. In the figure the measurer is 
divided into 20 divisions, the chronometer marks at each second (and that at 
59-5 teconds) are shown near the top of the tape, and an observation mark on 
the lower part. The chronometer time of the observation is seen to be Xh. 
24m. 01 -32 secs. For convenience, the measurer has been drawn in the figure 
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with a length of two inches only, but it should in practice be six inches or more 
in length so that the divergence of the lines between the top and bottom ends 
is not very great and will not cause any appreciable error in scaling off the 
position of a mark. 

The chronograph method of recording times should be used for all observa¬ 
tions on shore where a determination of longitude is required. In using the 
instrument it is assumed that: 

(1) The puncture marks made on the tape synchronise with the aural recep¬ 

tion of the beats of the chronometer; this assumption is necessary 
because the method of determining chronometer errors by wireless time 
signals is essentially an aural one. 

(2) There is no time lag between the closing of the incidence key and the 

register of the mark on the tape, or, if time lag exists, it may be 
regarded as equal to that in the chronometer circuit. 

The surveyor has no method of verifying the accuracy of these assumptions, 
but the design of the instruments is such that errors from these causes are 
unlikely to exceed one twenty-fifth of a second and are certainly small compared 
to personal error, i.e., the inability of the observer to co-ordinate exactly the 
pressure of his fingers on the incidence key with the occurrence of an event, 
e.g., the passage of a star across the diaphragm wire of a telescope. 

Observations for latitude and, under suitable conditions, for azimuth, require 
a less exacting standard of time-recording than that described, and this also 
applies to sights at sea. In these classes of work an accuracy of half of a second 
of time usually meets requirements and this can be obtained by visual observa¬ 
tion of a chronometer watch or deck Watch. The former should be used if 
there is a long interval between the times at which it is compared with a 
chronometer before and after the observations, whilst the latter may be used 
for observations on board ship. This system of time-recording is usually known 
as the “ Stand-by-stop ” method. The observer gives a warning “ sta^d by ” 
a few seconds before the observation and calls “ stop ” at the required instant; 
an assistant then reads off the time by the watch by estimation to the nearest 
one-fifth of a second. The error of the watch at the moment of observation 
should be determined from that of a chronometer with which comparison is 
made both before and after the observations; the rate of the watch in the 
interval being assumed constant. Making allowance for inaccuracy in the 
comparisons (this should not exceed one-fifth of a second), possible eccentricity 
of the second hand spindle in the watch dial, and inaccuracy in reading off at the 
“ stop ” signal, it should easily be possible to keep the total error vidthin half a 
second, and the mean of a series of observations should be correctly timed within 
quarter of a second. 

Radio Time Signals. 

Full details of all radio time signals will be found in the Admiralty List of 
Radio Signals, Volume II, which is published annually. Supplements to both 
volumes are issued annually. 

The systems of transmitting time signals may be divided into two main 
categories: 

(1) For the use of Surveyors.—The Modified Rhythmic system which 

enables chronometer errors to be determined with an accuracy of two 
or three hundredths of a second. These signals should be used for 
obtaining chronometer errors required in connection with observations 
ashore whenever determination of longitude is one of the objects 
in view. 

(2) For the iise of Mariners.—^The International (ONOGO) and UniUd 

States systems which enable chronometer errors to be determined with 
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an accuracy of about one-fifth of a second. These signals may be used 
by the surveyor for obtaining chronometer errors required in connection 
with certain types of observations ashore when no great precision in 
time-recording is required, e.g., latitude by circum-meridian altitudes, 
and with sextant observations at sea since these are subject to inherent 
inaccuracies which render any great nicety in time-recording improfit- 
able. 

Modified Rhythmic System. —^This comprises a series of 306 signals emitted 
in 300 seconds of mean time. In the series signals Nos. 1, 62, 123, 184, 245 
and 306 are single dashes {—) of about 0-4 second duration and each dash is 
followed by 60 dots (•) of about OT second duration. The first signal (beginning 
of the dash) is sent as nearly as possible at an exact minute of Greenwich 
Mean Time and the succeeding dashes are spaced precisely 60 seconds of mean 
time apart. If, for example, the first signal was sent at 17h. 55m. 00 045 sec. 

0 045 seconds late), the 62nd signal would be at 17h. 56m. 00 045 sec., and 
so on with the remainder. The commencements of successive signals, whether 
dot or dash, are equally spaced out at intervals of ^ (=0-9836) of a second of 
mean time. With a chronometer beating half seconds of mean time, it is clear 
that twice in each minute the radio signals will synchronise with the chrono¬ 
meter beats. 

The most perfect method of obtaining the chronometer error would be to 
have a recording chronograph which marked the chronometer beats and the 
radio signals on the tape, but such equipment is in its present form too elaborate 
for field use. The method ordinarily employed is one of aural comparison and 
is carried out as follows : 

(1) Note the chronometer time of the beat (whole or half second) immediately 

preceding the first dash of the series. 

(2) Note the chronometer times of the coincidences (synchronisms of 

chronometer beat and signal), seconds of half-seconds only ; there will 
be ten of these in the complete series. It will be found that the times 
of coincidences can be estimated on the chronometer within two or 
three seconds ; they should be identified as precisely as possible, but it 
should be noted that a consistent error in judgment of two seconds in 
the time of each coincidence will cause an error of only 0-033 seconds in 
the final result. 

(3) Subtract the seconds of (1) from (2) to obtain the " elapsed time.” 

(4) From Table XX (or the Admiralty List of Radio Signals, Vol. II) obtain 

the corrections corresponding to the elapsed times. (Correction=elapsed 
time (or elapsed time —30) X 0-0164). 

(5) Add the mean of the corrections to (1). 

(6) The difference between the corrected value of (1) and the G.M.T. of the 

first dash of the series (as given in Admiralty List of Radio Signals, 
Vol. II) is the error of the chronometer. 

An example is given on the next page. 

Notes. —(i) When the commencement of the dash very nearly coincides 
•with a beat of the chronometer, some dif&culty may be found in deciding 
which beat actually preceded the dash. Any doubt can be dispelled by inspec¬ 
tion, for, if the first coincidence after each dash is at a whole second, then the 
beat preceding the dash must have been a whole second, and vice versa. 

(ii) As the first signal of the series comes rather unexpectedly, some time 
after the preparatory signal, it may be difficult to decide which chronometer 
beat preceded this dash, but this can be inferred from the beats preceding the 
later dasthes as these begin exactly 60 seconds of mean time apart. 

(iii) When one set of coincidences occurs very near the dash at the beginning 
of each minute, it is better to use the other set which Avill occur at about the 
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half minute for the comparisons (thus obtaining only five, instead of ten, 
elapsed times for the series). 

(iv) It is assumed that the chronometer has no appreciable rate during the 
period of the signals. 

Example of recording and computing a modified rhythmic time signal: 
Rugby Time Signal beginning 17h. 55m. 00s. G.M.T. (assumed to have no error). 
Chronometer time of beat preceding first dash=17h. 52m. 30 •5s.(1) 


2 

Chron. Time of 
coincidences 

3 

Elapsed Time 
{{2)-(l)) 

4 

Correction (from Table XX) 

/ (i) Col. (3) x0.0164^ 

Vii) Col. (3)-30^“ 

(i) 44-5 secs. 

14 secs. 

0-230 secs. 

(ii) 14 

43-5 

•221 

(i) 47-5 

17 

•279 

(ii) 19 

48-5 

•303 

(i) 46-5 

16 

i -262 

(ii) 16 

45-5 

-254 

(i) 48-5 

18 

•295 

(ii) 17 

46-5 

•270 

(i) 45-5 

15 

•246 

(ii) 17 

45-5 

•270 



Mean=0-263 secs. 


(1) 1711. 52m. 30-5 secs. 


Chronometer time of first dash 17h. 52m. 30'7635. 
G.M.T. „ ,. „ 17h. 55m. 00s. 


Hence, chronometer is 2m. 29•237s. slow on G.M.T. 

Time signals on the Modified Rhythmic System are made twice daily from 
Rugby, Paris and from Bordeaux, and from certain other stations {vide 
Admiralty List of Radio signals). The errors of the lOh. and 18h. signals from 
Rugby are determined at the Royal Observatory, Greenwich, and are published 
monthly in Admiralty Notices to Mariners; those of some other signals are 
published in the Bulletin Horaire. 

Since Greenwich observatory is the origin of all longitudes, the surveyor 
should, if possible, use one of the signals referred to above when accurate 
chronometer errors are required. The equipment of a surveying vessel includes 
a portable radio receiving set, so that it is possible for time signals to be 
received at the observation spot, and the error of the chronometer, which is used 
for the observations, to be detennined in situ. If, for example, the obser¬ 
vations are made between the hours of 1300 and 1600 G.M.T., the chronometer 
error at 1000 and 1800 G.M.T. can be determined from the Rugby rhythmic 
signals at those hours and, assuming its rate to be constant in the interval, its 
error at any intervening time can be deduced. It is best not to " mix ” the 
signals, e.g., by determining the first error from Rugby and the second from 
Paris, particularly if the results of the observations are required before the 
errors of the time signals are received. This may mean a longer interval between 
determinations but the resulting clock rate is more likely to be accurate. The 
initial signals are usually correct as to timing within one-tenth of a second and 
the errors of successive daily or twice-daily signals from the same station do not 
often vary by more, than one-fiftieth of a second so that two chronometer 
errors from those signals require corrections (if any) of practically the same 
amount. If, however, the signals are “ mixed,” it may happen that that used 
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for the first chronometer error was sent one-tenth of a second early whilst that 
used for the second error was one-tenth of a second late, and the deduced rate 
will be appreciably in error. With a constant error, however, the deduced rate 
will be correct and only a correction to the final longitude will be needed when 
errors of the time signals are received. 

Radio waves travel at the speed of light (186,000 miles pr second) and 
there is therefore in theory a small correction to apply for the interval between 
transmission and reception. This is usually neglected as far as observations 
and computations in the field are concerned. 

International (ONOGO) and U.S. Systems. 

Time signals on these systems are made from a large number of stations (see 
Admiralty List of Radio Signals, Vol. II) and enable chronometer errors to be 
determined with an accuracy of about one-fifth of a second. In nearly all cases 
transmission is effected automatically and is probably accurate to within one- 
tenth of a second, but, as no errors are published, the only safeguard is to 
compare chronometer errors obtained from two or more signals from different 
stations. 

In most cases the series of signals occupies a period of 3 to 5 minutes, the 
actual time signal being certain dots or the beginning and (or) end of certain 
dashes, so arranged that several comparisons can be made during the period. 

Astronomical Observations for Position Ashore — 
Principles and Methods 

Astronomical observations in the field for the determination of geographical 
position involve measurement of the apparent altitudes of heavenly bodies. 
In some types of observing instrument the measured altitude is a fixed angle 
which need not be precisely evaluated, whilst in others the altitude is read off 
a graduated arc or circle. The apparent altitude is converted to the true altitude 
by the application of certain corrections and hence the true zenith distance of 
the observation spot is found. The time of the observation being recorded, 
the geographical position of the heavenly body at that instant is obtainable 
from data in a Nautical Almanac, and the observer’s pxisition is calculated by 
the ordinary formulae of spherical trigonometry’. 

The methods of observation and the forms of computation used by the 
surveyor are designed to eliminate, as far as possible, all the errors to which 
such observations are liable. It is assumed that at any given altitude the cor¬ 
rections to the instrumental readings are the same. By balancing, or pai rin g 
observations on opposite sides of the zenith, the resulting geographical co¬ 
ordinates are freed from errors due to using erroneous values for these correc¬ 
tions. This is the principle of equal altitudes. Suppose, for example, equal 
altitudes of a star east and west of the meridian are observed, any error in 
the assumed corrections to those altitudes will have no effect on the deduced 
time of the star’s meridian passage and hence on the observer’s longitude, for 
whatever error in angle tended to make the first observation too early in time 
will make the second an equal amount too late and the middle time will be 
correct. 

The various corrections applicable to astronomical observations for position 
are fully described in works on navigation. It will only be necessary here to 
consider the possible errors of these corrections and those due to other causes. 

In general, errors of observation may be divided into those which are constant 
or regular in character and those which are accidental or irregular : 

(1) Refraction. 

{a) Constant: The values of refraction (corrected for the height of the 
barometer and thermometer) taken from Table XII may be appreciably 
iri\error. Provided, however, the values are the same in all directions 
from the observer at any given altitude, any error in the adopted figure 
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will be eliminated by equal altitudes of heavenly bodies on opposite 
sides of the zenith. 

(6) Irregular: When variation in the value of refraction exists in different 
directions during the period of observation, the results will be corre¬ 
spondingly in error. It is assumed that error from this cause is normally 
of very small proportions and may be rendered insignificant by meaning 
the results of several series of observations at different times. 

(2) Inatrumental Errors. 

(a) Constant: These are errors in the assumed values of the prism angle in 
astrolabes, index and centring error in sextants, etc., and can be 
automatically eliminated by observing equal altitudes on opposite 
sides of the zenith. 

ip) Irregular : These include changes in the instrument during observations 
due to temperature variations, earth tremors, etc., and errors due to 
want of sensitivity inherent in the construction and graduation of the 
particular instrument. Errors from these causes may be reduced to 
small proportions by repeating the measurements a sufficient number 
of times. 

(3) Personal Error. 

(a) Constant: This is the “ Personal Equation ” of the observer, e.g., one 
person will constantly record the passage of a star over a cross wire a 
little too early, another a little too late. No system of observation will 
entirely eliminate errors from this cause, but it may be assumed that 
the mean of several observer’s results is practically freed from them. 

ip) Irregular : These depend on the ability of the observer to co-ordinate his 
actions with the impressions of his senses, e.g., s 5 mchronising the pressmre 
of his fingers on a chronograph key with his visual impression of the 
passage of a star across a diaphragm wire. They also depend to a 
lesser extent on his experience in using the instrument, but it is not 
safe to assume that, with the easily operated instruments now in use, 
experience counts for much. The accepted position must depend on 
a mathematical analysis of the results of each observer and an estimate 
of respective reliability must be based entirely on this. 

(4) Mistakes. 

These should be eliminated by proper safeguards in the methods of 
obseiv'ation. 

The Prismatic Astrolabe 

This instrument is designed for equal altitude observations on land, and in 
the model adopted by the British A<hniralty the observed altitude is 46° above 
the horizontal. The fundamental principle involved is that the measiurement 
of a star’s altitude at the moment of observation is made by means of the 
fixed angle between two faces of a prism and that such an angle is invariable. 
The prism employed is of pentagonal form and is shown in Fig. 196. 

The prism consists of two parts, ABCDE and AEF, cemented together. 
The faces CD and AE are silvered to form reflecting surfaces, but, whilst CD 
is completely silvered, a circular area in the centre of AE is left bare so that 
some portion of light rays meeting the face EF may pass directly through the 
prism and emerge at the face BC which is parallel to EF. 00 is the object glass 
of a telescope which is mounted in the same frame as the prism and may 
therefore be regarded as rigidly attached to the latter. MM is the surface of 
the mercury in a trough attached to the mounting. 

When a parallel pencil of rays from a star reaches the instrument, a part of 
the beam is reflected from the mercury and passes straight through the prism 
into the telescope, and a part, meeting the face AB, undergoes a double reflection 
in the prism, and emerging by the path shown, also passes into the telescope. 
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The unsilvered area of the face AE is of such dimensions that the direct and 
reflected star imeiges appear of equal brightness in the telescope. As the star 
moves in altitude, the star images will appear to move vertically in opposite 
directions in the field of view and, provided there is no lateral displacement, 
they will meet when the star reaches a certain altitude, dependent on the 
prism angles. These are so ground, in the model adopted by the Admiralty, 
that the altitude is within a few seconds of 45°. 



In its simplest torm an astrolabe consists of a telescope, a prism and a 
mercury trough in a mounting which can be approximately levelled and turned 
in azimuth. To such an instrument, however, there would be two objections : 

(а) Only one observation of each star would be possible and accidental 

errors could not be reduced by the method normally employed with 
other instruments, i.e., repetition of the measurement. 

(б) It is difficult to estimate the exact instant of contact of the two star 

images since they appear fused for an appreciable interval of time. 

To overcome these objections, the following fittings have been added: 

(а) A series of weak deflecting prisms which can be interposed in turn in the 

path of the light beam before it reaches the mercury. Each prism 
deflects the beam in a vertical plane in such a way that a series of 
observations at altitudes differing by a few minutes of arc can be 
made. The mean of the series is 46° ± any error of the main pentagonal 
prism. 

(б) A weak duplicating prism is fitted to cover one half of the entrant face 

AB of the main pentagonal so that the direct star image is split into 
two, separated laterally by about 3' of arc. The mercury image can 
be made to pass between the two direct images, and the instant when 
the three are in line can be judged with far greater accuracy than that 
of the contact of two single images. 

The standard 46° astrolabe adopted by the Admiralty is shown in Plates 
U and V. 

The instrument is mounted on a small wooden tripod stand A which is of 
such a height that an observer seated on a stool finds the telescope eyepiece 
in a convenient position for his eye. The Telescope B can be unshipped for 
stowing away but its method of attachment to the body of the instrument is 
sufficiently rigid to prevent emy appreciable movement. With the aid of the 
levelling ^rews C and the circular spirit level D, the instrument can be approxi¬ 
mately Iwelled so that the upper part rotates about a nearly vertical axis. 
The main prism E is held in a metal casing which is pivoted on an axis near 
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Plate U 

the lowest point so that it can be rocked slightly about this axis by means of 
the fine motion screw G. This adjustment is necessary before the first observa¬ 
tion of each star to bring the duplicate images vertically over the single image, 
the bubble level by itself not being sufficiently sensitive to permit perfectly 
accurate levelling. The duplicating prism F is fitted in a holder to Cover half 
the face of E and can be removed to permit access to the whole of the upper 
fcce of E. As moisture may collect between the lower face of F and the upper 
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Plate V 

face of E, it is sometimes necessary to remove the small prism for cleaning 
purposes between sets of observations. 

TTiree deflecting prisms of 3', 9' and 15' deviation are mounted in the slide 
J which can be pushed horizontally into any one of three positions and engages 
with a spring detent when the prism is correctly placed in the path of the 
beam. In addition, the whole slide can be turned over through 180° in order to 
reverse the prisms. This arrangement permits a series of six observations of 
each stc^ being made. The edges of the slide are marked Rl, R2, R3 and 
SI, S2, S3 respectively, Rl and SI referring to the 15' prism, R2 and S2 to the 
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9' prism, and R3 and S3 to the 3' prism. For a rising star the correct sequence 
is: 

Rl, R2, R3 (reverse), S3, S2, SI. 

For a setting star the sequence is : 

SI, S2, S3 (reverse), R3, R2, Rl. 

The mercury pool is formed on the surface of an amalgamated copper plate 
H. The sides of the mercury trough are about 1 millimetre high and the depth 
in the pool should be regulated to this amount by sweeping the surface with 
a glass rod touching the sides. Any excess mercury is swept off into a surround¬ 
ing trough and, if the rod is turned at the same time as the sweeping motion 
is made, any scum will be removed. Care must be taken not to touch the 
amalgamated plate with the fingers since grease will prevent the mercury 
amalgamating with the surface. If this should be accidentally touched it will 
probably be necessary to clean it with dilute acid. The mercury trough is 
fitted in a sUde and in Plates U and V is shown in the “ out ” position where 
it can be filled and cleaned. When observing, it is slid into the body of the 
instrument where it is protected from wind and dust. 

Attached to the stand is a friction-tight azimuth circle K divided into 
degrees. This is set with the aid of the tubular compass L so that the zero 
indicates true north. The compass can be removed when this has been done. 

The main body, holding telescope, prism block, mercury trough, etc., turns 
on a vertical axis in the stand, and clamping and slow-motion screws M are 
provided so that the telescope may be set on any required bearing and, when 
the star has been picked up, it may be kept in the centre of the field by means 
of the slow motion screw. 

A torch must be used at night for reading the azimuth circle setting. There 
is sufficient light from the sky to enable the observer to see the limits of the field 
of view in the telescope and, even if the cross-wires are not visible, he can 
estimate the centre of the field sufiiciently accurately when he is working the 
azimuth slow motion to ensure that the star images meet at this point. 

A larger model of the 45° astrolabe, designed to permit eight observations of 
each star, is also used, but owing to its weight and cost it has not been generally 
adopted 

Programme of Obeervatiom with 45° Astrolabe. 

Astrolabe observations involve the principle of equal altitudes and the 
method used to compute the results is such that latitude and longitude are 
found simultaneously. In order that this double determination may be made, 
it is useless to observe stars either very near the meridian or the prime vertical, 
and it is the practice to confine the observations to stars which reach an altitude 
of 46° in each quadrant on bearings between 26° and 65° from the meridian. 

In preparing a programme of observations, the following points should be 
borne in mind: 

(а) The six observations of each star occupy a period of about IJ to 2J 

minutes, and to allow time for the observer to shift his position and 
set the instrument on a new bearing, an interval of not less than 4 
minutes should be allowed between the observations of successive stars. 

(б) Good results are obtainable from observations of 12 stars, but 16 or 20 

are preferable ; they should be arranged, as far as possible, so that 
“ sets ” of 4 stars, one in each quadrant, are observed before another 
set is started. This will give a well balanced programme and will ensure 
that, if the sky clouds over before the complete series has been observed, 
work will not be wasted (by having, say, no stars observed in the NE 
quadrant to balance those observed in the SW quadrant) ; it also ensures 
that errors due to fluctuating values in refraction will be reduced to the 
minimum. 
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(c) Sufficient stars are listed in “ Apparent Places of Fundamental Stars 
(FK3) ”* to enable 4 sets of 4 stars each to be observed in a period of 
three hours or so (under most conditions of time and place). 

{d) It is best to confine the stars selected to those of about 4-3 magnitude and 
brighter. A number of lesser stars are listed in the almanacs and 
those down to the sixth magnitude can be seen in the telescope on a 
clear night, but they are so numerous in many parts of the heavens 
that it is easy to make a mistake in identification, and this may lead 
to a lot of difficulty. 

(e)' If the moon is of any size, avoid selecting stars within 16° of it as it 
may be impossible to see them in the telescope. 

(/) It is generally useful to select a bright star for use as a trial observation 
at the beginning of the series. It will be easy to identify and pick up 
in the telescope, and a first adjustment of the prism (which may happen 
to be canted at a considerable angle) and, if necessary, of the azimuth 
circle for undetected error in the compass, can be made at leisure 
under the best conditions. 

(g) Observations cannot be started until about the end of twilight. 

{h) It is unnecessary to make use of the planets which involve troublesome 
corrections in the subsequent computations. Thickly grouped clusters 
of stars, such as the Pleiades, should also be avoided as mistakes of 
identification are probable. 

The preparation of the programme involves finding the times to the nearest 
minute and azimuths to the nearest degree at which suitable stars will reach 
an altitude of 45° in each quadrant. There are various methods of doing this 
with the aid of altitude-azimuth tables, etc., but a diagram " Miscellaneous 
No. 5170,” published by the Admiralty, is of invaluable assistance. Full 
instructions for usiiig it are printed on the diagram and will only be briefly 
recapitulated here. They are as follows : 

(1) Obtain an approximate latitude and longitude for the observation 

spot. 

(2) Calculate the Sidereal Time of the limits of time between which it is 

intended to observe. 

(3) From the diagram take off the limits of Hour Angle and Declination in 

each quadrant appropriate to the assumed latitude. 

(4) Subtracting these hour angles from the sidereal time limits will give the 

limits of Right Ascension during the proposed period of observation. 

(5) From FK3* (or the Nautical Almanac) make lists of all suitable stars in 

each quadrant within these limits of Right Ascension and Declination. 

(6) Returning to the diagram, take off the hour angle and azimuth of each 

star, corresponding to its Declination and the assumed latitude. 

(7) From the equation L.M.T.= R.A.-|-H.A.—R.A.M.S. d: 12h calculate the 

L.M.T. and, by applying the longitude, the G.M.T. at which each star 
reaches an altitude of 46°. 

(8) Make a new list of the stars in their chronological sequence, picking 

them out in each quadrant at intervals of not less than 4 to 5 minutes 
so that a well-balanced series is finally written down. This list is for 
the use of the observer ashore and should show the stars’ names, 
magnitudes, azimuths and times of observation. A watch set to the 
time used in the list, whether G.M.T. or L.M.T., should be taken ashore. 

(9) In making out the final list, a few spare stars should be mcluded, where 

• " Apparent Places of Fundamental Stars (FK3) ”—produced by international co-opera¬ 
tion, &Jtd prepared for publication annually by H.M. Nautical Almanac Office (His 
Majesty’s Stationery Office.) 
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long intervals occur, even if they are not required to complete a well- 
balanced set; they may often be useful if passing clouds prevent some 
of the other observations being made. 

Setting up and using the 45° Astrolabe. 

Good observations cannot be made unless the observer is comfortable and 
able to give his whole attention to the business in hand. In addition to the 
instrument itself, the observer should be equipped with a stool for sitting on, a 
torch for reading the azimuth circle, a piece of cloth to put over the instrument 
and keep off dew when it is not actually in use, chamois leather for cleaning 
the prisms and eyepiece, a bottle of mercury, and a glass rod for cleaning the 
surface of the mercury pool. A barometer and thermometer are also required, 
and their readings should be recorded at hourly intervals. 

The procedure on landing is as follows : 

(1) Assemble and set up the astrolabe, preferably whilst it is still daylight, 

on a firm level piece of ground, pushing the tripod legs well in and 
making sure that there is plenty of room to move round it. A position 
reasonably well protected from wind and dust should be chosen and 
there must be an unrestricted view of the sky at the required altitude 
and between bearings'of 25° and 65° in each quadrant. The chrono¬ 
graph operator must be within speaking distance of the observer so 
that he can pass information concerning the observations (times and 
bearings, etc.), but lights used by him must be hidden from the observer. 

(2) Run the flex with chronograph key to the observing position. 

(3) Level the instrument with the aid of the bubble level. 

(4) Fill the mercury trough, clean the surface of the mercury and slide the 

trough back into the body of the instrument. 

(5) Rotate the instrument until the compass needle is central and then set 

the azimuth ring, not forgetting variation, so that the index mark is 
on zero when the telescope is directed to true north. 

(6) Focus the eyepiece by getting the cross-wires sharply defined against 

the sky. 

(7) Rotate the instrument until the index mark shows that bearing of the 

first or trial star and clamp it. Set the slide to R1 or SI, as may be 
required for the first observation, rising or setting. 

The observer should “ stand by ” at the telescope about three minutes 
before the predicted time of an observation. Assuming the instrument to be 
nearly level, the single and duplicate images should appear in the field of view 
within a short interval of each other. With a rising star the single image 
appears at the top of the field, the duplicate at the bottom, and vice versa. As 
sopn as they are seen, the chronograph should be started. If the duplicate 
images only are seen at first, rotate the instrument a little to the left and right 
until the single image is found ; the duplicates may then be out of the field of 
view, but can be brought back by operating the rocking screw on the main 
prism holder. If the single image only is seen at first, operate the rocking 
screw until the duplicates are brought into the field. The chronograph key 
should now be held ready. The rocking screw should be turned until the single 
image is vertically above or below the centre of a line joining the duplicate 
images, and, as they approach each other, the slow motion azimuth screw 
should be turned to keep them as nearly as possible on the vertical cross wire 
and to make sure that they will be practically on it when they meet. A small 
further adjustment of the rocking screw may be necessary at this stage. As 
these movements disturb the mercury the instrument should not be touched 
during the five seconds previous to the meeting of the star images. 
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The observation is made by depressing the chronograph key at the instant 
the single image crosses the line of the duplicate images. As soon as this has 
happened, move the slide to R2 or S2, as the case may be, and stand by for the 
next observation which will be at an interval of about 15 to 25 seconds. During 
this interval it will probably be necessary to give the instrument some further 
movement in azimuth to keep the images on the vertical wire. The prism, 
however, should require no further adjustment. 

Similarly, with the remaining observations until the set of six is completed, 
when the instrument can be set on the bearing of the next star and the slide 
put to R1 or SI, as necessary. If there is a long interval, it may be advisable 
to wipe over the prisms and cover the instrument temporarily with a cloth, 
whilst once in every two hours or so it is usually necessary to clean the mercury 
surface. 

Computation of Position from Astrolabe Observations. 

The method of obtaining latitude and longitude from astrolabe observations 
is based on Marc St. Hilaire’s method of Position Lines, coupled with a least 
square approximation of best fit to a number of discordant results. The position 
line method is too well known to require an elaborate description here. Briefly, 
the approximate latitude and longitude of the observation spot must be known 
and adopted as an assumed position which, in the case of astrolabe sights, 
should preferably be not more than a mile in error ; and the zenith distance of 
each star, found from the solution of a spherical triangle in which co-latitude, 
polar distance and hour angle are known, is compared with the zenith distance 
found by observation.. The difference between the calculated and observed 
zenith distances of each star is an intercept measured in minutes and (or) 
seconds of arc, and a position is found by plotting these intercepts. When the 
observed zenith distance is less than the calculated zenith distance, the intercept 
is termed positive or towards ; when greater, negative or away. 

The mean value of the six altitudes observed with this type of astrolabe is 
within a few seconds of 45° ; it is unnecessary to know the angle exactly 
As the observations occupy some period of time—as much as 2| minutes when 
the bearing is 25° from the meridian—it is incorrect to assume that the mean 
altitude or zenith distance corresponds to the mean of the observed times since 
the rate of change of altitude is not uniform unless a star is in the prime vertical. 
A correction must therefore be applied in the process of computation either 
to the mean of the times or to the mean of the zenith distances. The simplest 
method of doing this is to work out each set using the mean of the times and to 
apply the correction to the intercept derived from the mean of the zenith 
distances. 

The value of this correction can be expressed as : 

E (dz)*) X (cot a (cot a -tan cosec a)) 

where n=number of observations in the set. 

dz=difference of each observation from the mean zenith distance, 
expressed in circular measure. 
a= azimuth of the star measured from 0° to 360°. 

^»=assumed latitude of the observation spot. 

The correction may be written CxK, where C =,^ (dz)* and is a con¬ 

stant for the instrument, and K=cot a (cot a —tan cosec a), a factor which 
varies with each star observed and the latitude. The values of dz in the 45° 
astrolabe^escribed are 7|', 4J', IJ' -1^',, -4^', -7|' or as nearly these angles 
as manuf^turing accuracy allows. If these angles are expressed as radians and 
the formula computed, it will be found that the constant C for this particular 
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instrument is 0''-23. The value of K may be calculated from the above formula, 
tan 4, being regarded as always positive, cot a and cosec a being given signs 
appropriate to the quadrant in which ot lies ; but it may be more conveniently 
taken off a diagram No. 5072, published by the Hydrographic Department; in 
this diagram the factor K is termed “A." CxK is the correction to each 
intercept. 

If one observation of the set is missed, its opposite number should be removed 
and a new value of C must be found as follows : 

Supposing the 7J' (i.e. first and last observations) are not used and that the 
instrumental constant for a whole set is 0*-23, then 

Qi_V 0-23 O'-IO 

C X 0 23 X 4 - 0 10 

In the spherical triangle connecting the assumed position, the elevated pole 
and the star’s position at the time of observation, two sides, 90° — and 90°±S, 
and the included angle h are known, where 

4.=the assumed latitude of the observation spot. 

8=the star’s declination. 
h=the hour angle. 

The third side, zenith distance, can be found from the formula 

cos z.d.=cos (90° —4.) Cos (90°i;8)+sin (90° —4^) sin (90° —8) cos h 
=sin sin 8-i-cos cos 8 cos h. 

If tan <j>^ sec h=tan M, then the formula may be more conveniently written: 
cos z.d.=cos (8 ~ M) sin 4. cosec M. 

In the computation the elements of right ascension and declination should be 
taken from “Apparent Places of Fundamental Stars”; the elements are given at 
10-day intervals, and when interpolating it is necessary to follow the instructions 
given in the “Introduction” (it should be noted that the correction for the short 
period terms of nutation may amount to as much as D-D3s. in right ascension and 
O'-lO in declination, though usually it is insignificant). 

The working should be taken to hundredths of a second in time and arc, and 
seven-figure logarithms should be used throughout except for the azimuth 
calculations, where five-figure logs, giving results to the nearest minute, will 
suffice. 


Example : 

Date : 7th December, 1934. 

Chronometer error by Rugby signal at 1000 G.M.T.= lh. 02m. 02•557s. slow. 

1800 „ =lh. 02m. 01 •721s. „ 

(Radio Time signals assumed to be free from error.) 

Hence, chronometer rate=0-1045s. gaining hourly. 

Instrumental constant of astrolabe=0'' -412. 

Assumed position :—lat. (4.) = -(- 6° 18' 16'’-84. 

long, (co.) = -1-99° 51' 09"-60. (6h. 39m. 24 •64s.) 



1. 

2. 

3. 

4. 

Quadrant 

N.W. 

N.E. 

S.E. 

S.W. 

Star .. 

Androm. 

Og Gemini 

8 Can. Maj. 

12 Eridani 

Bar./Therm. .. 

30-22 73° 

30-20 72“ 

30-20 72“ 

30-20 73“ 


h. m. s. 

h. m. s. 

h. m. s. 

h. m. s. 

R.A. 

01 59 55-72 

07 30 29-40 

07 05 46-58 

03 09 20-52 

Dec. (8) 

+ 42'’0r 24'-87 

-|-32“0r 56'’-49 

-26“ 17' 09'-93 

-29“ 14' 28'-91 
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1. 

2. 

3. 

4. 

Chron. T. 

Error .. + 

h. m. s. 

15 19 06-66 

1 02 01-90 

h. m. s. 

16 07 21-86 

1 02 01-81 

16 13 1L88 

1 02 01-80 

h. m. s. 

16 19 33-50 

1 02 01-79 

G.M.T. 

16 21 08-56 

17 09 23-67 

17 15 13-68 

17 21 35-29 

S 

< 

S.T.alOhrs 
Corms. (1) 
(2) 
(3) 

5 00 18-229 

2 37-704 
3-450 
0-024 

5 00 18-229 

2 47-560 
1-478 
0-065 

5 00 18-229 

2 47-560 
2-464 
0-037 

5 00 18-229 

2 47-560 
3-450 
0-097 

8 

R.A.M.S. 

+ 12hrs 

5 02 59-407 

5 03 07-332 

5 03 08-290 

5 03 09-336 

G.M.T 

Long. (o>,) + 

16 21 08-56 

6 39 24-64 

17 09 23-67 

6 39 24-64 

17 15 13-68 

6 39 24-64 

17 21 35-29 

6 39 24-64 

L.M.T. 

R.A.M.S.±12hi 

23 00 33-20 
^ 5 02 59-41 

23 48 48-31 

5 03 07-33 

23 54 38-32 

5 03 08-29 

00 00 59-93 

5 03 09-34 

R.A.M. 

R.A.* 

4 03 32-61 

1 59 55-72 

28 51 55-64 

7 30 29-40 

28 57 46-61 

7 05 46-58 

5 04 09-27 

3 09 20-52 

H.A. (h) 

2 03 36-89 

21 21 26-24 

21 52 00-03 

1 54 48-75 

L. 1 
L. ! 

tan^, 
sec h 

9-043 2981 
0-066 4967 

9-043 2981 
0-113 4751 

9-043 2981 
0-071 5789 

9-043 2981 
0-056 9410 

L. 

tan M 

9-109 7948 

9-156 7732 

9-114 8770 

9-100 2391 

M .. + 

8 

8~M 

7 20 14-15 
+42 01 24-87 

34 41 10-72 

8 09 53-05 
+32 01 56-49 

23 52 03-44 

7 25 21-63 
-26 17 09-93 

33 42 31-56 

7 10 45-38 
-29 14 28-91 

36 25 14-29 

Lc 
L. ; 
L. 

os(8~M) 

cosec M !! 

9-915 0197 
9-040 6635 
0-893 7762 

9-961 1755 
9-040 6635 
0-847 6514 

9-920 0550 
9-040 6635 
0-888 7777 

9-905 6232 
9-040 6635 
0-903 1793 

L . 

cos z.d. .. 

9-849 4594 

9-849 4904 

9-849 4962 

9-849 4660 

Obsd. Alt. .. 
Corrd. Refn. + 

45 00 00-00 
55-86 

45 00 00-00 
55-94 

45 00 00-00 
55-94 

45 00 00-00 
55-82 

Obs. z.d. 

Calc. z.d. 

45 00 55-86 
45 00 12-15 

45 00 55-94 

44 59 57-43 

45 00 55-94 

44 59 54-67 

45 00 55-82 

45 00 09-05 

Intercept 
Corm. (CxK) 

- 43-71 

+ 0-87 

- 58-51 

+ 0-24 

- 61-27 

+ 0-43 

- 46-77 

+ 0-66 

Corrd. Int’cept 

- 42-84 

58-27 

- 60-84 

- 46-11 

L. cos 8 

l! sec alt !•! 

9-870 91 
9-710 62 
0-150 40 

9-928 27 
9-804 80 
0-150 40 

9-952 60 
9-724 21 
0-150 40 

9-940 80 

9 681 48 

0-150 40 

L. sin a 
Azimuth (a) .. 

9-731 93 

N 32° 39'W 

9-883 47 

N 49° 53' E 

9-827 21 

S 42° 12' E 

9-772 68 

S36° 20'W 








These results may be examined graphicaUy, but in this example it will be 
noticed that there is a very wide spread—approximately 100'—^between stars 
in o^^posite quadrants. This spread is far more than could be accounted for 
by an erroneous value of refraction and it must be mainly due to an angular 
error in the pentagonal prism ; probably the cement between the two internal 
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faces has become slightly defective and the entrant and exit faces of the reflected 
beam are no longer parallel. This will have no effect on the final result since 
this angular error can be assumed to be constant during the period of observa¬ 
tion, but, for convenience in plotting, a uniform correction of -f 60" is applied 
to all the intercepts which then become : 

N.W. star-b 7'-16 
N.E. „ - 8"-27 
S.E. „ -10'-84 

S.W. „ + 3"-89 

The result of the plot is shown in Fig. 196. 



OY is a meridian through the assumed position O, and OX is drawn perpen¬ 
dicular to OY ; these axes are divided on any suitable scale of latitude and 
departure respectively, say, J of an inch to 1" of arc. The bearings of the four 
stars are laid off (with pecked lines) from O and the position lines are drawn in 
the usual way. If all the observations were made with perfect accuracy and 
were subject only to the same errors due to incorrect values of refraction and 
prism angle, it would be possible to draw a circle to touch all the position lines. 
In practice this is seldom possible and it is necessary to draw a circle of best 
fit, as shown in the figure, such that its circumference falls as far outside one 
pair of opposing position lines as it does inside the other pair. The radius of 
this circle represents the mean error of the observations due to erroneously 
adopted values of refraction and prism angle, and the fit of the circumference on 
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the position lines provides a measure of the standard of accuracy of the four 
observations. The centre of the circle is the observed position and by measure¬ 
ment from the plot (Fig. 196) : 

D. Lat. = + 2"-45 

Departure = — 11”-70 

.-. D. Long. = - 11"-77 

Assumed Position .. = -|-6° 18’ 16"-84 = -j-99“ 51' 09"-60 

Corrections .. .. -|-2"-45 — 11"-77 

Observed Position .,<!>= -f 6° 18'19"-29 ft = -f 99° 50'57"-83 


Least Square Method of analysing Astrolabe Observations for Latitude and 
Longitude. 

If only four observations, one in each quadrant, were obtained, they might 
well be examined by this graphical method and the resulting position could be 
taken off the plot. In practice, however, a series should consist of at least 
twelve and preferably sixteen or twenty sets of observations by any one observer 
and to eliminate, as far as possible, the personal equation, similar series should 
be obtained by two or three other observers. The accepted values of the lati¬ 
tude and longitude must then be derived from a consideration of the system of 
position lines given by the intercepts and azimuths of all the observed stars. 

The method adopted for treating the system of position lines is the analytical 
or least square method ; in this, the position of the centre of the circle of best 
fit and its radius are made to satisfy the condition that the sum of the squares 
of the differences between its radius and the perpendiculars from its centre on 
to the position lines is the least possible. The co-ordinates of the centre of this 
circle (the axes being the meridian and the line at right angles to it through 
the assumed position) give the most probable values for the departure and 
difference of latitude from the assumed to the exact geographical position 
(being determined). 



Let AB in Fig. 197 be one of the position lines of the system obtained by one 
observer ; and let Ox, Oy be rectangular axes through O, the assumed position, 
Oy being the meridian. If C is the centre of the circle of best fit, and CND its 
radius perpendicular, at N, to AB, then the position and radius of this circle 
are to be determined so that the sum of the squares of the lengths DN is a 
minimum. 

Let the azimuth of the star for AB, i.e., the angle yOM, be a ; and the intei- 
ceptN'.e., the perpendicular OM from O to AB, be p. Then if a and b denote 
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the co-ordinates of the centre of the circle, the length of the perpendicular, CN, 
from the centre to AB is : 

p—a sin a—6 cos a ; 

therefore, if r denotes the radius of the circle. 


( 1 ) 


( 2 ) 


(3) 


(4) 

^ 6 ) 


DN=f'~[/>—<1 sin a—b cos a]; 

Calculation of a, b and r : 

We have therefore to find a, b and r from the condition : 

Z a sin a — b cos a]]*=Minimum 

Differentiating this expression we have, for a minimum : 

27 sin a [rr^\p—a sin a — b cos a]]=0] 

27cos a a sin at —& cos a]]=o!- 

27 [r~^—a sin a — b cos a]]=0) 

Then, if s=sin a ; c=cos a ; and n is the number of position lines 

a 27s*-(-6 27sc-|-r 27s = Eps . 

a 27sc-i-6 27c*-i-r 27c = Epc . 

a 27s -1-6 27c -frn = Ep . 

In obtaining the values of the expression 27s, 27c, Esc, etc., it is_^ 

have regard to the signs of sin a and cos a and also of p. The signs to be taken 
are: 

sin a .. positive in the N.E. and S.E. quadrants, 
cos a .. „ „ N.E. and N.W. „ 

P .. when towards, 

and negative in other cases. 

The values of a, b and r from equations (4), (6) and (6) are : 

_ Ep + Bi Eps -I- C, 27^c^ 

" 27s + Bi 27s* -I- Cl Esc 

. At Ep + C, Eps + Bt Epc 

Ai 27s + Bi 27s* -|- Cj 27sc ' ' 

C, Ep -t- Ai Eps+ At Epc 


Ai Es -|- Bi 27s* -j- Cl Esc 
= Esc Ec — Ec* Es 
= m27c* - (27c)* 

= Es Ec — n Esc 


At = Esc Es — Es* Ec ; 
Bt= nEs* - (27s)* ; 

C, = 27s* 27c*- (27sc)* ; 



The evaluation of a, b and r therefore requires the calculation of six expres¬ 
sions Au At, Bi, B,, Cl and C, involving a, in addition to 27s, Ec^ Esc, 27s,, 
27c„ Ep, Eps, Epc ; the latter are obtained in the tabulation of the data; 
At, Bi,Ci and B, are also required in the calculation of the weights. 
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Sin* a (s*) and cos* a(c*) are taken from tables of squares, and sin a cos a (sc) 
is conveniently obtained, as J sin 2a, from the table of sines. 

Calculation of Residuals. 

Having tabulated the observational data and sin a, cos a, etc., and found 
the values of a, b and r, the residuals, v and their squares, t;*, are tabulated 
(the values of v* are required in the application of Pierce’s Criterion and for the 
evaluation of the weights to be assigned to the values of the latitude and 
longitude). The residuals v are the lengths DN, and can either be taken from 
a diagram of the observations, or can be calculated from formula (1) on page 348. 

If the former method is employed, the diagram should be drawn as shown in 
Fig. 198, on a scale sufficiently large for measurements to be made to the 
nearest 0 05 of a second. The centre of the “ least square ” circle and its radius 
are plotted with the values of a, b and r, calculated from the equations (7), 
and the individual observations are plotted as dots at the feet of the perpendi¬ 
culars drawn from the centre of the circle on to the position lines. (See note 
on p, 360.) 

Rejection of faulty observations. 

If any of the residuals are large compared with the others it may be necessary 
to reject the corresponding observations. Pierce’s Criterion is therefore applied. 
An observation should be rejected if the square of its residual, v', is greater than 
m times the sum of the squares of the residuak, i.e., if w* is greater than mXv*. 
Values of m are given in Table XXI. 

It is to be noted that Pierce’s Criterion must be applied with m=l, first and 
then, if any observations are rejected, it is to be repeated with m—2, and so on. 

Rejected observations, if any, should be encircled in red in the table and on 
the diagram of observations. 

If no observations are rejected the values of a, b and r are as already found ; 
but if any observations are rejected a, b and r must be recalculated from the 
observations retained, n now being the number of retained observations. 
Also the values of v and v* must be retabulated and re-determined. 

Mean square errors of a and b. 

The squares of the mean square errors of a and b should now be found, 
as they are required in the determination of the final accepted values of the 
latitude and longitude from the results of all the observers. If E„ denote 
the mean square errors of a and b : 

nXc*—{XcY _ Zv* Bi _ Xv* 'v 

• “ ^*2's-t-.B,i:s*-f-C,2:sc ^ m-3 ~ ^ ^ n^ I 

nXs*~{XsY .. Xv* B^_, Xv* j ’ ’ 

* ^,2:s-hBii:5*-|-C,rsc ^ n-3 D ^ n-3 ) 

where I)=.i4i27s-1-Biil's*-1-C,i^sc, i.e., the denominator of the expressions for 
a, b and r in equations (7). 

Accepted position of one observer. 

The values of a and b for the series of observations by the observer in question 
have now been finally determined ; and if are the latitude and longitude 

of the assumed position, and ♦, Q. those of the exact geographical position: 

♦ = ^.±6 ; ft= sec according to the signs of a and b. 

Final accepted position of all observers. 

* The observations of each observer having been treated in the manner 

described in the preceding paragraphs, we have, the values of the latitude and 
longitude o>i; toj; < 0 |; etc., together with the squares of E^, 

; E^, Eu ; B.t, Bit, etc., for each series of observations. From these the 
final accepted values of the latitude and longitude are obtained in the usual 
way, as the weighted means of <l>i, <h, etc., and of <oi, to*, co,, etc. It is 
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to be noted that the weights of <h, etc., are inversely as the squares of 

En, Eli, Eli, etc., and those of wj, < 02 , coj, etc., inversely as the squares of 
£.1, £. 2 , £.3. etc. 

Thus if the final accepted values of the latitude and longitude from the 
observations of all observers are <t> and £2 we have : 

■“ Wx+Wi+Wa+ .. I ,g. 

_ + .. I 

Wi+Wi+Wa+ .. I 

where Wx, Wa, Wa, etc., are the weights of ^1, ^3, etc., and Wi, W2, Wa, etc., 

those of wi, ti>2, <>>3, etc. 

Probable error of final accepted position. 

Finally the probable errors of the accepted values should be found from the 
usual formula. Thus if ei, ta, denote the probable errors of «!> and £2 : 



( 10 ) 



where N is the number of values of the latitude and longitude; Mi, %, etc., the 
residuals of ^ 1 , etc., from their weighted mean ♦ and Ux, Ua, etc., those 
of coi 6 > 2 , etc., from their weighted mean £2. 



The following three series of observations were taken to determine the 
geographical position of the Power Station Chimney, Port Sudan. The second 
and third series do not contain sufficient observations to be very satisfactory, 
but the three series are given as an example of the weighting of the values of 
the latitude and longitude from the observations by different observers. 
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' 

5-4375 

5-5475 

5- 4478 

4-0082 

4-8202 

3-8405 

2-9290 

0-4821 

6- 8002 

6-6555 

6-8786 

52-8471 


+ 

2-1536 

0-8036 

1-6548 

1- 8159 

•2-0636 

0-3631 

2- 8604 

4-3709 

3- 0480 

19-1339 1 

■S, 

1 

1 1 1 1 1 1 M 1 M 1 1 l|1 I 1 1 1 

0-4055 

+ 

4- 

+ 

3- 0210 

4- 1000 
0-6759 

3- 7747 
1-2929 

4- 4749 

1- 4916 

3- 3752 

1 -3754 

5- 8370 

0-4394 

4- 5447 

2- 2348 

3- 5469 

5- 7262 

6- 1316 

5-6343 

2-8605 

4- 6804 

65-2174 


0-3370 

0-6376 

0-5857 

0-6836 

0-6209 

0-5971 

0-5971 

0-5851 

0-6924 

0-4055 

0-4058 

0-4167 

0-6209 

0-4055 

0-5857 

0-5851 

0-3370 

0-5825 

0-5317 

0-6836 

: 

10-896 

% 

0-6631 

0-3624 

0-4143 

0-3165 

0-3791 

0-4028 

0-4028 

0-4149 

0-3076 

0-5946 

0-5943 

0-5834 

0-3791 

0-5946 

0-4143 

0-4149 

0-6631 

0-4174 

0-4683 

0-3165 

„-2 

da® 

s 

' 

oooooooooo 

I 

4 

+ 

0-4727 

0-4926 

0-4851 

0-4905 

0-4615 

0-4910 

0-4851 

0-4926 

0-4727 

0-4990 

1 

§ 

' 

0-7985 

0-7653 

0-7727 

0-7727 

0-6368 

0-6370 

0-7653 

0-7632 

0-7292 

1 

+ 

eg 

+ 

1 I ill 1 ill 1 ill 1 ill III 

o oo oo oo oo o 

7-3980 1 

1 

' 

0-6437 

0-5626 

0-6347 

0-6441 

0-7709 

0-7638 

0-6437 

0-6441 

0-6843 

0-5626 

CO 

1 

+ 

-f 

0-8143 

0-6020 

0-6157 

0-6347 

0-5546 

0-7711 

0-6157 

0-7711 

0-8143 

0-6461 

I 

Intercept (p) 

' 

1- 05 
6-71 

2- 35 
5-24 

0-57 

5-95 

8-89 

4-18 

8-32 

* 

+ 

4- 

+ 

3-71 

6-81 

2-10 

7-05 

2- 48 
7-57 

3- 63 

4- 60 
0-63 

7- 53 

8- 72 

18 

S 

Bearing (a) 

di a ^ ^ w w ^ ^ w (ij ^ ^ w M w w ^ ^ 


Ref. 

No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1° 


ij 
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RESULT A 

















































Chap. XVI 




Observer A 
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o 
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+ 

4- 8893 
7-9382 
2-4055 

5- 1147 

1 



0-1802 

0-4060 

0-5277 

S'E 

0-7709 


1 



0-8197 

0-5940 

0-4724 

0-7515 

S:S 

°2292 

0-2^4 

0-5940 


iS 1 

! 

5 1 

' 

0-4911 

I 

1 % 

+ 

0-3843 

0-4992 

0-4911 

0-4734 

0-4911 

2-8005 


< 

s 

a s 

^ N 

' 

0-6372 

0-7264 

1 4-2601 


^ 8 

+ 

0-4245 

0-8778 

4-0935 


S 

' 

0-^73 

0-7707 

0-7707 

0-4789 

4-0532 

? H 

^ i 

+ 

0-9054 

0-7707 

0-5544 

0-6475 

0-5103 

4-2012 


11 

' 

1 ISSI l%t \ 1 l4 

1 


ti 

+ 

S|l ISSI ISSSI 

1 

+ 

- s 

^ f 

64“ 53' N.E. 
50“ 25' S.E. 

43“ 25' S.W. 
60“ 06' N.W. 
33“ 40' N.E. 
40“ 21' S.E. 

50“ 25' S.W. 
28“ 36' N.W. 
54“ 23' N.E. 
30“ 41' S.E. 

50“ 25' S.W. 
28“ 37' N.W. 
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The constant for«=8; »t=2 is 0 -341; thus for the rejection of further observations must be greater than 0-341 x 33-2, i.e., 11-3. 

Therefore no further observations are rejected. Omitting Observation No. 2 the values of Zp, etc., for the seven observations are 
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Chap. X 

Other Methods of Finding Geographical Position Ashore 

The astrolabe is so simple to use and gives such good results that it should 
always be employed on land by the hydrographic surveyor in preference to 
other observing instruments for finding geographical position. If, however, 
an astrolabe is not available, it may be necessary to resort to either theodolite 
or sextant for this purpose. 

A theodolite can be used in the same maimer as an astrolabe for observations 
of stars at some pre-arranged altitude and satisfactory results have been 
obtained by this method. 

It should, however, be noted that: 

(1) Unless the circle readings are changed, only one shot is obtained at each 

star. Since a single observation is liable to be considerably in error, a 
set of observations should be made with a series of different circle 
settings, the mean of which is the required altitude. The circle settings 
of corresponding observations in the series cannot be made accurately 
enough to give such an exact mean as that obtained with an astrolabe. 

(2) For a given telescope magnification, the apparent speed at which a star 

passes across the horizontal diaphragm wire is only half that at which 
the direct, and reflected images meet in the astrolabe. 

(3) The vertical is less precisely defined in the theodohte, by reference to 

the position of a bubble in a tube, than it is in the astrolabe, by 
reference to the surface of a mercury pool. 

The method more usually adopted with instruments other than the astrolabe 
is to treat latitude and lon^tude separately, determining the former from 
observations of heavenly bodies on and near the meridian, and the latter from 
another set of observations of bodies east and west of the meridian, preferably 
when they are near the prime vertical. To preserve the principle of equal 
altitudes as nearly as it is possible to do so, the following procedure is adopted : 

(1) For latitude, observations are confined to N. and S. stars which are so 

selected that they can be grouped in pairs in which the two stars do 
not differ in altitude more than 2° or 3°. 

(During summer in high latitudes it may sometimes be necessary to 
make use of the sun for determining latitude, but as it is impossible to 
make corresponding observations on the opposite side of the zenith 
this practice should be avoided if possible.) 

(2) For longitude, the observations are taken at such times that the mean 

altitude of each set (as deduced from the instrumental readings) is the 
same or nearly the same on either side of the meridian, whether a pair 
of stars or the sun is used. 

In using a theodolite, the observations should be confined to heavenly bodies 
at altitudes of 20° to 70°. The lower limit is dictated by the uncertainty in 
the value of refraction below 20°, the upper by convenience. 

Latitude Observations with a Theodolite. 

Star programme .—In theory, latitude can be found from a single measurement 
of the altitude of a star or the sun when it is on the meridian, but for the reasons 
before stated it is much better to measure a series of altitudes, starting about 
6 minutes before the body reaches the meridian and continuing for about 
6 minutes after it has passed. The mean altitude of the series may be “ reduced ” 
to the meridian altitude by the method described later. 

The observer’s geographical position must be known within 6 miles or so ; 
the local sidereal time (L.S.T.) at which the observatioils may be started (say, 
the end of twilight) is then calculated from the formula L.S.T.=R.A.M.S.-f 
H.A.M.S. (or, R.-f L.M.T.), to the nearest minute. L.S.T. also=H.A.*-l-R.A.*, 
so it is obvious that the right ascension (R.A.) of any star on the meridian at 
the time is equal to this L.S.T., since its hour angle (H.A.) is 0 hrs. Starting 
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with this value, say R.A.(l), pick out from “ Apparent Places of Fundamental 
Stars,” and list all stars of magnitude 4-5 and brighter which will be at an 
altitude of between 20° and 70° when they cross the meridian, i.e., those whose 
declinations satisfy the equation, alt.=90°- (lat.~dec.) (in the case of stars 
crossing the meridian below the pole, alt.=(lat.+dec.)—90°, and the R.A.= 
L.S.T.+12h.). Sufficient observations can usually be obtained in 5 or 6 hours, 
the list is, therefore, extended until stars whose R.A. is (l)+6h. are reached. 
North and south stars should be listed separately. Example : 

AssumedPosn.: Lat.+6°20',Long.—76°30'. L.S.T.ofendoftwilight=10h.0m. 
Hence, limits'! N. stars, +26° to+76° Limits ^ 

of dec./S. ,, , —13 40 to—63 40 of K.A.J 


N. Stars. 



Star. 

Mag. 

R.A. 

Dec. 

Z.D. 

Alt. 

Pair. , 




h. 

m. 

o 




• 



U 

Urs. Maj. 

32 

10 

19 

+41 

49 

35 

29 

54 

31 



Urs. Maj. 

2-4 

10 

58 

56 

43 

50 

23 


37 



Urs. Maj. 

1-9 

11 

00 

62 

05 

55 

45 

34 

15 



Urs. Maj. 

31 

11 

06 

44 

50 

38 

30 

51 

30 

B 

X 


41 

11 

28 

69 

40 

63 

20 

26 

40 



Urs. Maj. 

2-5 

11 

51 

54 

02 

47 

42 

42 

18 

A 

8 

Urs. Maj. 

3-4 

12 

12 

57 

23 

51 

03 

38 

57 



Drac. 

3-9 

12 

31 

70 

08 

63 

48 

26 

12 

C 


Urs. Maj. 

1-7 

12 

51 

56 

18 

49 

58 

40 

02- 



Can. Ven. 

2-9 

12 

53 

38 

39 

32 


57 

41 



S. Stars. 


Star. 

Mag. 

R.A. _ 


Z.D. 

Alt. 

Pair. 

G Vel. 

G Car. 
a Antliae . 
n Argus 

5 Hydrae . 
X Cent. 

8 Cent. 

8 Crucis 
a Crucis 

Y Crucis 

Y Cent. 

P Crucis 

etc 


41 

3- 4 

4- 4 
Var. 
3-7 

3-3 

2-9 

31 

11 

1-6 

2-4 

1-5 

10 Ti 

10 15 

10 24 

10 43 

11 30 

11 33 

12 05 

12 12 

12 23 

12 28 

12 38 

12 44 

-41 49 

61 01 

30 45 

59 22 

31 31 

62 41 

50 23 

58 24 

62 45 

56 46 

48 37 

59 21 

48 09 

67 21 

37 05 

65 42 

37 51 

69 01 

56 43 

64 44 

69 05 

63 06 

54 57 

65 41 

41 51 

22 39 

52 55 

24 18 

52 09 

20 59 

33 17 

25 16 

20 55 

26 54 

35 03 

24 19 

A 

C 

B 


From these lists suitable stars may be paired, as shown in the last column, 
noting that, to make a good pair, stars must not differ in altitude by more 
than 2° to 3°, must not be observed more than 2 hours apart (less if possible) 
and, as the observations of one star take 10 to 15 minutes, at least 15 minutes 
must be allowed between consecutive stars. A chronological list, for use in 
the field, is then prepared, thus : 


N. or S. 

Star. 

Mag. 

L.S.T. 

Alt. 

S 

G Vel. 

41 

h. m. 

10 12 

41 51 

S 

t) Arg. 

Var. 

10 43 

24 18 

N 

A Urs. Maj. 

31 

11 06 

51 30 

S 

% Hydrae 

3-7 

11 30 

52 09 

N 

Y Urs. Maj. 

2-5 

11 51 

42 18 

N 

K Drac. ' .. 

3-9 

12 31 

26 12 


etc. 

etc. 

etc. 

etc. 
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A watch set to L.S.T. may be taken ashore or, if preferred, the times can be 
converted to L.M.T., or to the time kept by the chronometer watch in use. The 
prelimmary lists should be kept handy during the observations in case an 
alteration in the programme is necessitated by clouds or some other cause. 

Procedure in Observing. —When the theodolite has been set up and levelled 
over the observation spot, the lower plate should be clamped so that the 
horizontal circle reading is 360° when the telescope is in the true meridian 
the direction of which may be found by the compass fitted to the theodolite or 
by means of a known, or observed, bearing to some suitable mark. 

Each observation consists in bringing the star on to the horizontal cross-wire 
(close to its intersection with the vertical wire) and calling “ stop ” when 
contact is made so that an assistant can note the time on a chronometer watch 
to the nearest 0-2 of a second. The vertical circle is then read by the observer 
and recorded by the assistant. If the bubble in the upper level is visible from 
the eye end of the telescope, as in the Tavistock theodolite, it must be centred 
carefully just prior to each observation. If the bubble is not visible from the 
eye end, its position in its tube must be read immediately after each observation, 
and the vertical circle readings must be corrected for any displacement by the 
methods described in Chapter III, pp. 52 and 53. Observations should be started 
about 7 minutes before the star reaches the meridian, and the “ set ” should 
consist of an even number, of about 12 to 16, face being changed half-way 
through. (Some observers prefer to change face after the first, and then after 
every other observation. In experienced hands, this method is probably slightly 
the better, but the rate of observing is slower and the danger of upsetting the 
level of the theodolite is greater.) Ideally, the number of observations taken 
before the transit shoula equal the number taken after. 

The assistant should record the height of the barometer and thermometer for 
each set, in order that the correction for refraction may be adjusted later. 

Computation of Latitude from Theodolite Observations of Circum-Meridian Stars. 

Circum-meridian observations are confined to a period when the star is 
within a few minutes of meridian passage and an observed altitude can be 
corrected to the meridian altitude by the following formula—which is suitable 
for logarithmic or machine computation : 

Corm. =cos 8 xcos 9> sec alt. x 

sin 1 

Where 8 = declination of the star 

<!> =latitude of observation spot, 
h =hour angle. 

This correction is known as the " Reduction to the Meridian ” and is so called 
because it is subtractive from the observed zenith distance. The value of 

y is given in Table XIII for hour angles up to twenty-five minutes. It is 
not necessary to calculate the reduction for each individual observation, for, 
by taking out the value of for the hour angle of each observation, a mean 

value of this quantity is obtained and can be used in the equation. The reduc¬ 
tion so found can then be added to the mean of the observed altitudes. It is 
not strictly correct to assume that the hour angle of each observation is equal 
to the difference between the watch time of that observation and the calculated 
watch time of tr^sit, but, by pairing observations on opposite sides of the 
zenith, any error in this assumption is eliminated. 

In computing the results, the star’s declination should be taken from the 
“Apparent Places of Fundamental Stars" or the standard edition of the Nautical 
Almanac, but its R.A. and R. {i.e., R.A.M.S.d:12h.) may be taken from the 
abridged edition of the Nautical Almanac if desired. An example is given overlea f. 
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Example of computing latitude from observations of circum-rrperidian stars. 


Date, 8th March, 1921. Assumed Position, Lat.+18° 11', Long.—76° 30'. 
Theodohte, No. .. . Watch Error by Washington Radio signals. 



Mean 37-47 


Mean Alt. 
Refn. 


True Alt. 
Redn. 

Mer. Alt. 



i-958 44 

T-977 75 

0167 19 

1-573 68 


1-677 06 


Mer. Z.D. 42 52 04-75 

S ..-24 40 01-64 Redn. - 47'^-54 


Lat. (4) = + 18 12 03-11 .. (1) 

Similarly, from observations of o Urs. Maj. : North : 

Lat. (4) + 18° ir 26"’-83 ... (2) 

Hence, latitude from mean of N. and S. stars is : 

(♦) = + 18° ir 44'-97 


Note. —Should the observations for longitude disclose any large error in the 
assumed longitude, must be re-computed with the hour angles (h) 

corrected for the observed longitude (in time). 


Longitude Observations with a Theodolite 

Stars at approximately equal altitudes east and west of the meridian should 
be observed in preference to the sun, with limiting altitude of about 30° and 
70°. Observations should be made when the motion in altitude is most rapid, 
i.e., when the star is on or near the prime vertical. 

Star pro^amme. — A. programme of stars suitable for observing for the 
determination of longitude should be prepared with the aid of Diagrams D and 
E (facing page 366), as shown in the following example, in which the assumed 
position of the observation spot is Lat. -1-31° 00', Long. -1-32° 10'. 
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(1) Calculate the L.S.T. of the time at which it will be possible to start 

observing, say the end of twilight. In this case, let this L.S.T. =. 
lOh. Om. 

(2) ‘From Diagram D it can be seen that for latitude +31° the declination of 

stars which are on the prime vertical when their altitudes are 30° and 
70° are about +15° and +29° respectively. 

(3) From Dia^am E it will be seen that stars with these declinations are on 

the prime vertical when their hour angles are 4h. 16m. (or 19h. 45m.) 
and Ih. 30m. (or 22h. 30m.) ; and, since R.A.*=L.S.T.—H.A.*, the 
R.A. of these stars (of declination +16° and +29°) which are on the 
prime vertical at lOh. L.S.T. are : east of the meridian, 14h. 15m. and 
llh. 30m.; west of the meridian, 5h. 46m. and 8h. 3()m. 

(4) From “ Apparent Places of Fundamental Stars ” pick out, and list 

separately, the east and west stars suitable for observation for a 
j^riod of, say, 4 hours after lOh. L.S.T., that is, those with declina¬ 
tions between +16° and +29°, whose R.As lie, for east stars between 
llh. 30m. and 18h. 16m. {i.e., 14h. 15m.+4h.), and for west stars 
between 6h. 45m. and 12h. 30 m. 



The above lists could be expanded if desired. It will be noted that no stars 
with magnitudes duller than 4-5 have been included, and it will seldom be found 
necessary to do so. The horn angles are taken from Diagram E, with the 
assumed latitude and declination of the star as arguments ; the L.S.T. is found 
from the equation L.S.T.=H.A.+R.A. It can be seen that some of the listed 
stars are on the prime vertical before the L.S.T. is lOh. and must be discarded, 
others are on the prime vertical when the L.S.T. is greater than 14h. and will 
not be used unless necessary. Stars with approximately equal declinations juid 
hence at approximately the same altitude when on the prime vertical can now be 





















paired as shown — 
be made as follows 
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the last column, and a chronological list for use ashore can 


E. or W. 

Star 

Mag. 

L.S.T. 

Alt. 

Pair 

West 

West 

East 

West 

East 

East 

East 

West 

i Cancri .. 

5 Gem. 

a Bootis. 

X Gem. 

P Comae 

Y Serp. 

K Serp. 

8 Cancri .. 

4-2 

* 

0-2 

3- 6 

4- 3 

3- 9 

4- 3 
4-2 

h. m. 

10 14 

10 25 

10 38 

11 14 

11 27 

11 46 

12 01 

12 28 

68 J 

42 

39i 

33i 

66 i 

31i 

37 

37i 

A 

B 

B 

C 

A 

C 

D 

0 


The altitudes in this list are taken trom diagram wit.i tiic 
latitude and the star’s declination as arguments. The minimum ii^erval 
between consecutive stars in this example is 11 minutes which is quite sufficient 
with an instrument such as the Tavistock theodolite where all ^admgs are 
made from the same position, but a rather longer mterval should be allowed if 
two independent micrometers and the bubble position have to be read at each 
observation. 

Procedure in observing.-As with latitude observations the theodolite should 
be set up and levelled over the observation spot and the lower pla.te clamped so 
that the horizontal circle reading is 360° when the telescope is m the true 
meridian. ^ 

A set of observations should consist of an even number (say, 10 or 12), face 
being changed half-way through the set. (As with latitude observations many 
observers prefer to change face after the first and then after every other observa¬ 
tion and be content with fewer observations, 4 to 8^ a rule.) 

The rate of change of altitude of a heavenly bo^hen on the prime verticaj 
(15' cos 4 per min.) is 15' per miium the equatpr; 13 per mm m latitude 30 , 
Si 74 ' min. in latitude eO^T-Sor-asstlining that 12 observations take 
6 to 7 miStes, for east stars an altitude about 1° less than that sho^ m the 
list should be set on the theodolite for the first observation of a set, and for 
west stars an altitude about 1° greater than that shown on the list. It is 
obvious that the azimuths will be 090° and 270 . 

If the upper bubble cannot be seen from the eye end of the telescope and the 
level of thrinstrument adjusted (if necessary) before each observation the 
bubble error must be read at each reading of the vertical circle. In order to 
upset the level of the instrument as little as possible by unintentional Pressure 
on the slow motion screws, the cross-wires should be moved a ahead of the 
star which should then be allowed to make its own contact with the horizontal 
wire The times should be recorded by chronograph, if possible. 

As before, readings of barometer and thermometer are required for each set 
of observations. 

Computation of Longitude from Theodolite Observations of pairs of stars on or 
near the Prime Vertical.—An assumed position of the observation spot must be 
used in the computation ; longitude may be approximate, but latitude should be 
correct within about 15 seconds of arc. This order of accuracy is quite sufficient 
if the declinations of the two stars of a pair do not dj^er by more than 1 or 2 , 
since any small error in the assumed latitude will affect both sets equally 
making both hour angles (very nearly) the same amount too large or too small 
and not affecting the deduced time of meridian passage. In the computation 
it is assumed that the mean of the observed altitudes of each set comsponds to 
the mean of the observed times. This is strictly true only when the star is on 
the prime vertical, but since all observations are made so close to the pnme 





















DIAGRAM FOR DETERMINING GRAPHICALLY THE ALTITUDE OF A HEAVENLY BODY WHEN ON THE PRIME VERTICAL 



Diagram D 



















































































































































































DECLINATION 


DIAGRAM FOR DETERMINING GRAPHICAUY THE HOUR ANGLE OF A HEAVENLY BODY WHEN ON THE PRIME VERTICAL 



HOUR ANGLE (in Time) 
Diagram E 


































































































































































367 


Chap. XVI 

vertical, and since any error is cancelled by suitable pairing, the assumption is 
quite justified. 

A convenient formula for the computation is : 

tan 1= Vcos s X sin (s - H) X cosec (s - X sec (s -p) 

where h=the hour angle, measured from the upper transit. 

H=true mean altitude. 

^.=assumed latitude, north or south. 
p=polar distance (from the elevated pole). 

H + ^.+p 

2 

Example : 

Observations for longitude with Theodolite No. 

Assumed position : ^,= +11° 25' 53' 20'. 

Chronograph error, by Cavite Radio signals : Oh. 10m. 16 •44s. slow on 
G.M.T. 

Barometer ; 30 06. Thermometer : 88°. 


a Ophiuchi —East si 


41 .34 13-00 


, 14 49 47-55 


R.A.17 31 31-25 

R(R.A.M.S. + 12) 15 46 03-56 


R.A... 

L.S.T. 


H 41 33 12-3 

11 25 53 

p 77 23 17-5 

2) 130 22 22-8 

65 11 11-4 L. cos 

—H 23 37 59-1 L. sin 

—4. 53 45 18-4 L. cose 

—p 12 12 6-1 L. sec 


9-622 9038 
9-603 0123 
•093 3971 


2) 9-329 2365 
L- tan^ 9.664 6182 
1=24“ 47' 44'-68 
= lh. 39m. 10-98S. 


e= 7 37 18-18 


Computation of Longitude by Machine . — A suitable formula for machine 
, . . .sin H — sin S sin 4, 

workmg IS : cos h = cosScos^^ 

where, h =the hour angle measured from the upper transit. 

H =:true mean altitude. 

=assumed latitude, north or south. 

8 =declination. 

An example i^ given on page 370. 
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Longitude by Equal Altitudes—Observations with Theodolite. 

If a heavenly body, whose declination is constant, is observed east of the 
meridian and observed again, west of the meridian, when it has reached the 
same altitude, it is obvious that the mean of the times of these observations of 
equal altitude will give the exact time of the meridian passage, from which the 
longitude may be calculated. 

In the case of stars, although the observation appears attractive, it is seldom 
practicable owing to the long interval which must elapse between the observa¬ 
tions—^with consequent risk of a change in refraction and of the sky clouding 
over—if the conditions are fulfilled of a rapid change in altitude coupled with 
the observations being made at not too high an altitude. 

If, however, circumstances necessitate the sun being used for longitude 
observations, the method of equal altitudes should be adopted. 

The actual observations are made in a similar way to star observations, except 
that it is the contact of a limb of the sun with the horizontal cross-wire which 
is observed (instead of the bisection of the centre of a star) and, of course, 
a coloured sun glass must be fitted to the eyepiece of the telescope. Eleven 
observations form a satisfactory set, and two sets should be observed, both 
a.m. and p.m., one on the lower limb and the other on the upper limb. The 
vertical circle should be set in advance, 10' of arc being a convenient interval, 
and the sun allowed to make its own contact; the level should be checked about 
ten seconds before each contact. A chronograph should be used for the times. 

As the sun will have altered in declination between the a.m. and p.m. 
observations, the time of the meridian passage will not be the mean time of the 
observations. The correction to be applied to the mean time to obtain the 
correct time of apparent noon is ; 


L <Xd8 


(tan <l> cosec t —tan 8 cot t) 


( 1 ) 


whereyi=half the interval between the sets of observations, 
d 8=the change of declination in one hour. 

8 =the declination of the sun when on the meridian. 

^=the latitude. 

This correction is positive when the sim is moving away from the elevated 
pole, negative when it is approaching it. 

Change of refraction between the observations will cause the apparent sun 
(or heavenly body) to descend to an equal altitude early or late according to 
whether the refraction is less in the afternoon or greater. The mean time of the 
observations may be corrected for this error, to give the time of the meridian 


passage, by d- ^ cosec a sec ^ seconds, where r is the change of refraction in 

seconds, a is the azimuth measured from the elevated pole, and ^ is the latitude. 
The correction is positive if the refraction is less for the p.m. observations 
and vice versa. 

(An ingenious adaptation of the equal altitude observation, in the case of 
stars, is to observe equal altitudes of two different stars, of approximately 
the same declination, one east and one west of the meridian, chosen so that 
only a short interval elapses between the times that they are at equal altitudes 
(and also moving quicly in altitude). The equation of equal altitudes 
((1) above) is then applied to an imaginary star whose R.A. is the mean of the 
R.As of the two stars observed; t, the half-interval between observations, is 
found, for use in equation (1), frpm the formula, <=i((R-R')-i-(S'-S)), 
where R and R' are the R.As of star E and star W, and S and S' are the sidereal 
times of observations of star E and star W respectively. However, since, 
except for a slight saving in computation, this method has no advantage over 
that of pairing stars, working out each set of observations separately, and then 
meaning the results (page 367), it will not be considered further here.) 
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As the computation of the equal altitude formulae takes very httle less time 
than working out each set as an abs<^te determination of longitude, it is 
usually more satisfactory to compute by the formula given on page 367, and 
then mean the results of the a.m. and p.m. observations, as shown in the 
following example. 

(Decimation, etc., should be taken out from the standard edition of the 
Nautical Almanac, simple interpolation being sufficiently accurate.) 

Observations for longitude with Theoddate No. Date:—20th July, 1937. 

Assumed position :— + 52° 30' 10', co, = — 2° 32' (approx.). 

At A.M. sights ; Bar. 3010, therm. 70° F. 

At P.M. sights Bar. 30-00, therm. 78° F. 

By Rugby Radio signal at 10 h. (20th) chron. fast Oh. 38m. 1816s. 

By Rugby Radio signal at 18h. (20th) chron. fast Oh. 38m. 18•40s. 
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A.M. Sights 

P.M. Sights 



14 

48 




41 

14 

49 




.. 

p 

52 

30 

10 




52 

30 

10 




69 

16 

40 




69 

19 

39 





2)163 

01 

38 




2)163 

04 

38 








L. c 


9 169 0112 

81 

32 

19 

L. cos 


9-167 7393 






9-810 4675 

40 

17 

30 



9-810 6887 



00 

39 

L. o 


10-314 2807 

29 

02 

09 

L. C03< 


10-313 9391 

s-p.. 

12 

14 

09 

L. SI 


10-009 9794 

12 

12 

40 

L. sec 


10-009 9388 

Sum 






39-303 7388 
19-651 8694 






39-302 3059 
19-651 1529 

Deduct 10 





10-000 0000 






10-000 0000 

L. tan 

h 

2 •• 





9-651 8694 






9-651 1529 




h. 

m. 

s. 




h. 

m. 

s. 


h _ 



1 

36 

38-76 




1 

36 

30-29 


2 

h = 



3 

13 

17-52 




3 

13 

00-58 

L.A.T. = 
Eq. of T. 


+ 

8 

46 

06 

42-48 

10-35 




15 

13 

06 

00-58 

11-29 

T ITT 




8 

52 

52-83 




15 

19 

11-87 

G.M.T. .. 



9 

03 

08-64 




15 

29 

27-69 

I^ng. (W.) 




10 

15-81 





10 

15-82 


Meaning these results :— 


<11 (in time) — Oh. 10m. 15-82s. West 
and n (in arc) — 2° 33' 57'-3 West. 


Computation of Longitude by Machine .—As stated on page 367, a suitable 
formula for machine working is : 

, sinH—sin Ssin 

= cosScosX“ 

where h =the hour angle, measured from the upper transit. 

H =true mean altitude. 

1 ^, = assumed latitude, north or south. 

S =declination. 


Example : 



A.M. Sights 



P.M. 

Sights 


8 

20 

43 

20 

{ cos 0-935 

8376 

3069 

20 

40 

21 < 

f sin 

0-353 

0-935 

0258 

6136 


52 

30 

10 

/ sin 0-793 
\ cos 0-608 

3828 

7230 

52 

30 

10 « 

f sin 

0-793 

0-608 

7230 


41 

14 

48 

sin 0-659 

3021 

41 

14 

49 

sin 

0-659 

3057 

sin 8 sin i^« 


-0-280 

7287 





-0-280 

0846 





0-378 

5734 





0-379 

2211 





0-569 

3428 





0-569 

5295 

cosh 




0-664 

9306 





0-665 

8498 


h= 

48° 

19' 22' 

-8=3h. 13m. 17-52S. 

48' 

' 15' 

08'-8= 

=3h. 13m. 00- 

59s. 


and thence as before. 
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Determination of the Value to be accepted from Theodolite Observations for 
Latitude and Longitude. 

Each pair of circum-meridian stars, which are observed, gives one value for 
latitude and similarly each pair of E. and \\". stars or corresponding sets of 
A.M. and P.M. suns give one value for longitude. Hence a number of values 
for each is obtained by each observer and tbe finally accepted position must be 
determined from a consideration of all of them. The method adopted is the 
analytical or least square method and is the same as that already described in 
connection with astrolabe observations, e.xcept that latitude and longitude are 
treated separately. 

It is, however, necessary to stress the fact that for a reliable value of an 
observed quantity a considerable number of observations are necessary and 
it is of little use to apply the least square method unless the observations have 
been made by three or more observers, each obtaining at least ten values of 
the latitude and longitude to be determined. If there are fewer observations, 
it is impossible to " weight ’’ results in any manner other than by an arbitrary 
procedure such as assuming the weights in each case to be proportional to the 
number of observations obtained by each observer. 

As an example of the least square method has already been given earlier in 
this chapter (pages 350-360), the process as applied to theodolite observations 
for latitude and longitude is only summarised here. 

(1) Tabulate under each observer his values (seconds only of arc or time) 

with their arithmetic mean, together with the residuals, v (i.e., the 
differences between the individual values and the arithmetic mean), 
with their proper signs, and the squares of the residuals, v‘. (The 
sum of the residuals, Xv, should be zero.) 

(2) For use in weighting the means, calculate the quantity E* for each 

observer from the formula : 

E* 

^ -n(n-l) 

where w=the number of values. 

(3) Apply Pierce’s Criterion (see constants given in Table XXI and instruc¬ 

tions on page 349) to see if any values should be rejected and, if 
this proves to be the case, recalculate v, v*, Ev, Ev' and E* for the 
sets of observations concerned. 

(4) Tabulate each observer’s means (corrected as in (3), if necessarj') and 

their weights which are inversely proportional to the respective 
values of E*. Calling the means of latitude ^i, etc., and the 
corresponding weights Wi, Wt, etc. ; and of longitude to,, to,, etc., and 
Wi, W,, etc., calculate the weighted means {i.e., accepted results) 
from the formulae : 


4.^aze’a-l- 


and n = 




(5) The difference between each observer’s means and the weighted means 
gives another set of residuals, m„ etc., for latitude and Ui,U„ etc. 
for longitude. Tabulate these together with the quantities w^Uu 
WtU,. etc., WiUi, WtUt, etc., «,*, «*•, etc., C7,’, f/,*, etc., and 
»,«!*, WiUi*, WiUx*, wJUt*. etc. Then the probable errors of the 
accepted results may be calculated from the formulae : 


P.E. of lat.=0-6745 V (N-i)xi:w 


J {I 


Ewu* 


- and. 


P.E. of long.=0-6745 ' 
where N is the number of means. 


f— 

5 V (N- 


l)xEu: 
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Astronomical Observations for True Bearing, or Azimuth, Ashore 

For the correct orientation of the survey, the direction of the meridian at 
one or more of the main stations is required ^d, if this information has not 
been included with any triangulation data which may have been supplied, it 
must be determined by astronomical observations. By applying angles observed 
during the triangulation, the true bearings, or ^imuths, of aU rays at that 
station can be found and, through the triangulation, the azimuths of the rays 
at any other station can be computed. 

The azimuth of a heavenly body is the angle between the meridian plane of 
the observer and the vertical plane passing through the observer and the ^dy. 
The astronomical observations for the determination of azimuth consist in 
measuring the horizontal angle between the R.O. and one or more heavenly 
bodies, at the same time observing the altitude of the body or, alternatively, 
recording the time at which it makes contact with the vertical diaphragm wire 
of the telescope. If the observer’s geographical jwsition is known, the azimuth, a, 
is computed from a solution of the spherical triangle in which : 

(1) In the case of an altitude-azimuth three sides are known, i.e., co-latitude 

and polar distance which are given and zenith distance which is 
deduced from the observed altitude. 

(2) In the case of a time-azimuth, two sides and an included angle are known, 

i.e., co-latitude and polar distance which are given, and hour angle 
which is deduced from the recorded time of the observation. 


Two horizontal angles (one observed, the other computed) enable the azimuth 
of the R.O. to be determined, vide Fig. 199. 
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The R.O. should preferably be one of the other main stations, but if this cannot 
be arranged, e.g., owing to the difficulty of putting a light on it for night obser¬ 
vations, a temporary R.O. (not less than half a mile from the observer) may be 
used and the observed azimuth is subsequently connected to the triangulation 
by measuring the angles between this temporary mark and one or more of the 
main stations. In such cases the connection must be effected with as much or 
even greater care than that used in the measurement of any other angles in 
the main triangulation. 

Stars should, when possible, be used in preference to the sun in any survey 
based on a regular triangulation. In older hydrographic surve5rs sun azimuths 
were the general rule, but they hardly furnish sufficiently accurate results for 
satisfactory use in modem work. In any case, star azimuths are easier to 
observe with a modem theodolite than sun azimuths and their only disadvan¬ 
tages are that the observer has to work at night jmd that a light must be kept 
at the R.O. during the period of observation. 

Time azimuths are easier and quicker to observe than altitude azimuths and 
should normally be employed by the hydrographic surveyor who, it is assumed, 
will generally have available chronometers and (or) watches, of which the errors 
are known, and an assistant to record times for him. In an altitude azimuth 
both circles and the bubble position must be read at each observation and the 
theodolite telescope must be adjusted in azimuth and altitude so that a star 
makes simultaneous contact in the field or view on both cross-wires, or, in the 
case of the sim, two limbs make simultaneous contact on the vertical and 
horizontal wires respectively; whereas, in the time azimuth, contact with the 
vertical wire only, and the reading of the horizontal circle are all that are 
required, apart from accurate time recording. 

The most suitable time to observe the true bearing of a heavenly body is 
when its movement in azimuth is slowest, i.e., when it is near the prime vertical 
or when a circumpolar star is at elongation. Errors in the time or altitude 
measurements will then have a minimum effect on the results. Since errors in 
horizontal angle, caused by dislevelment of the theodolite, increase rapidly with 
the altitude of the body observed, it is inadvisable to make observations for 
azimuth at altitudes greater than 30°. The observer’s geographical position 
must be accurately known (in the case of altitude azimuths, latitude only need 
be accurate), but, to minimise the effects of possible errors in this “ assumed 
position," stars should be " paired ” with approximately the same altitudes and 
declinations (say, within 3° or 4°) on each side of the meridian in the same 
maimer as observations for longitude. 

A programme of observations should always be prepared and for stars east 
and west of the meridian Diagrams D and E (page 366) may be used. It is, 
however, uimecessary to make the observations when the b^y is exactly on 
the prime vertical, the only essential requirement is that it should be at a suitable 
altitude (see below) and well east or west of the meridian. Sufficient suitably 
paired stars can usually be found on a star globe, from which the L.S.T. (corre¬ 
sponding to the time the star is at the required altitude) and azimuth can 
be read off. 

'Hme Azimuths by Stars. 

Three or four stars on each side of the meridian should give a sufficiently 
accurate result and a programme of observations in their chronological sequence 
should be prepared, showing times (L.S.T. or G.M.T.) to the nearest minute, 
and altitudes and azimuths to the nearest d^ee. For time-azimuths the most 
suitable altitudes are from about 10° to 26° and azimuths should be between 
075° and 105° of 255° and 286°. Within these limits the motion in azimuth 
is comparatively slow and times may be recorded with sufficient accuracy by 
the " stand-by stop ” method on a chronometer watch, estimating to the 
nearest one-fifth of a second. An assistant to record the times and angles should 
be housed under cover where his lights will not interfere with the ob^rver. 

I 
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Procedure in Observing. —Before observing, the theodolite must be carefully 
levelled and accurately centred over the station mark; if a false station has 
to be used, the distance and bearing to the true station must be measured with 
precision. This is particularly important if a temporary R.O. a comparatively 
short distance away has to be used, since an error of 1 inch in centring or 
measurement is equivalent to 6* of arc at a distance of half a mile. 

Having set up and levelled the theodolite over the station mark, the lower 
plate should be clamped with the R.O. reading about 360°, and, with the aid 
of a compass, the approximate reading of the true meridian should be noted 
so that the theodolite may be turned onto any required azimuth to find a star. 
Let the telescope be in the face left (F.L.) position. Then proceed as follows : 

(1) Unclamp the upper plate and, swinging left, intersect the R.O. and book 

the horizontal circle reading. 

(2) Continuing the swing left, bring the line of sight onto the approximate 

bearing of the first star and elevate the telescope to the required 
altitude. The star should come into the field of view two or three 
minutes before the calculated time at which it reaches that altitude. 

(3) Giving the observer a “ stand by,” operate the upper plate and telescope 

tangent screws so that the vertical wire is brought a little in advance 
of the star and the horizontal wire a little above it, if apparently 
rising, and vice versa ; the star will thus meet the vertical wire near its 
intersection with the horizontal wire. 

(4) At the moment the star makes contact on the vertical wire, call out 

“ stop ” so that the observer can record the time, and then read off 
and book the horizontal circle reading. If there is any doubt about 
the identification of the star, it is well to read the vertical circle also 

J this observation. 

ling to swing left, intersect the R.O. again. This reading should 
e same as that in (1) within the limits of error to be expected with 
jrpe of instrument in use. 

face and repeat the entire sequence of operations (1) to (5), but 
;ing right. This completes the set of observations of the particular 

■ations to the second star of the pair may be taken on the same 
h the R.O. reading about 360° or 180°, but. in order that other 
parts of the arc may be used, different zeros should be used for the other pairs 
of E and W stars in the manner detailed in Chapter III (pages 48-50) for the 
measurement of horizontal angles with a theodolite. 


Computation of Time Azimuths.—The formula used for solving the spherical 
triangle by logarithmic computation is : 

Tan a=tan hxcos Mxcosec (M—O, where tan M=tanSxsec h. 
a=the horizontal angle between the North pole and the heavenly body. 
h=the hour angle, measured from the upper transit. 

N +ve. 

^.=assumed latitude of the observer, g lat. being —^ 

8 =declination of the heavenly body, dec. being 
Care must be taken to apply the correct signs throughout. M may lie in 
one of the two quadrants ; it is immaterial which is taken. 

When tan a is +w, a lies between 0° and 90°, when -ve, a lies between 
90° and 180°. The hour angle, h, is always regarded as +ve. _ 

Since some considerable interval, depending on the observer’s dexterity m 
using the theodolite, must elapse between the F.L. and F.R. observations of a 
star, it cannot be assumed that the mean of the observed times corresponds 
to the mean of the azimuths, and the two observations should be worked out 
independently if accurate results are required. 
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Example of computing time azimuth of stars. 

Date—2nd March, 1933. . • f f- 

Near Europa Point lighthouse, observations to find true bearmg of Ceuta 
lighthouse from Europa Point light. 

True station reading 138° 09', distant 42-5 feet. 

Theodolite : Tavistock, No. 10. /-nyn- 

Watch error by Radio signals : 5h. 20m. 16-Os. slow on G.M.T. 

Position of Europa Point lighthouse ; +36° 06' 19"-7 

</i.= —5 20 41 1 


Star 

R.A.* 

Dec. (8)* 

East 
a Leonis 
lOh. 04m. 50-7s. 

+ 12° 17' 35'-5. 

We! 
VPegi 
Oh. 09m. 
+ 14° 48 

it 

asus 

46-5s. 

1' 4r-4. 


F.L., S.L. 

F.R.. S.R. 

F.R., S.R. 

F.L., S.L. 

Clock time.. 

Error .. + 

G. M.T. 

Long. (o>) .. 

S.M.T. 

R.A.M.S.±12hrs.. 

L.S.T. 

R.A. 

H. A. 

h ... 

h. m. s. 

13 45 01 1 

5 20 16-9 

h. m. s. 

13 50 10-5 

5 20 16-9 

^3 ?5 22-2 

5 20 16-9 

h. m. s. 

14 00 39-3 

5 20 16-9 

19 05 180 

0 21 22-7 

19 10 27-4 

0 21 22-7 

19 15 39-1 

0 21 22-7 

19 20 56-2 

0 21 2?-7 

18 43 55-3 

10 40 27-8 

18 49 04-7 

10 40 28-7 

18 54 16-4 

10 40 29-5 

18 59 33-5 

10 40 30-4 

5 24 23 1 

10 04 50-7 

5 29 33-4 

10 04 50-7 

5 34 45-9 

0 09 46-5 

5 40 0.3-9 

0 09 46-5 

19 19 32-4 

4 40 27-6 

19 24 42-7 

4 35 17-3 

5 24 59-4 

5 24 59-4 

5 30 17-4 

5 30 17-4 

L.tan 8 . . 

L. sec h 

L. tan M .. 

M .. 

^. 

M-<^. 

9-338 2789 + 
10-468 3508 + 

9-338 2789+ 
10-442 1739 + 

9-422 3044 + 
10-817 6809 + 

9.422 3044 + 
10-888 4970 + 

9-806 6297 + 

9-780 4528 + 

10-239 9853 + 

10-310 8014 + 

+32 38 46-3 

+36 06 19-7 

+31 05 52-4 

+36 06 19-7 

+60 04 52-7 
+36 06 19-7 

+ 63 56 49-6 
+36 06 19-7 

- 3 27 33-4 

- 5 00 27-3 

+23 58 33-0 

+27 50 29-9 

L. cos M .. 

L. tan h .. 

L. cosec (M-+.) 

L. tan a .. 

Obsd. angle from 
Ceuta light 

True Bg. of Ceuta 
light 

9i925 3212 + 

10- 441 6528+ 

11- 219 4011- 

9-932 6189 + 
10-411 8055 + 
H-059 0475- 

9-697 9008+ 

10-812 5938 + 
10-391 0984 + 

9-642 6629 + 

10-884 8376+ 
10-330 6558+ 

11-586 3751- 

n-403 4719- 

10-901 5930 + 

10-858 1563 + 

91 29 05-1 

74 41 57-0 

92 15 41-9 

73 55 02-0 

82 51 02-3 

249 01 48-0 

82 06 27-5 

248 17 25-0 

. 166 11 02-1 

166 10 43-9 

166 10 45-7 

166 10 57-5 

166° 10' 53'-0 

166° 10' 5r-6 


Meaning results of E. and W. stars: 
T.B. of Ceuta light froni obsn. spot 
Correction for false station .. 

T.B. of Ceuta light from Europa light.. 


= 166° 10' 52'-3 
= - 01 13 -5 
= 166° 09' 38"-8 
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Computation of Time Azimuth Observations by Machine .—A suitable formula 
^ cos tan 8—sin cos h 

for machme working is : cot a=-^itTh- 

where a, h, and 8 are as previously defined. 

As far as the determination of h, the computation is the same as for loga- 



Altitude Azimuths by Stars. 

e observations are carried out in a similar manner to time azimuths, 
except that: , . , . 

(1) Owing to uncertainty in the value of refraction at low altitudes, the 

I minimum altitude should be about 20°. 

h) Since the exact altitude at the time of observation is required, 

^ (a) The tangent screws of the theodolite must be operated so that the 

star makes contact on both cross-wires simultaneously. This is 
most conveniently effected by bringing the star onto the vertical 
wire and keeping it there with the slow motipn tangent screw of 
the upper plate until it makes contact on the horizontal wire. 
Both horizontal and vertical circles are then read. 

(6) If the bubble on the vertical arm can be seen from the telescope 
end, it must be centred before the observation ; if not, the 
bubble position must be read immediately after the observation 
and the altitude must be corrected for any displacement by the 
method given in Chapter III (pages 52 and 63). 

Time need not be recorded. 

The formula used in logarithmic computation is : 


tan*g=sec sxsin (s—H)xsin (s-^,)xsec (s-p), 
where s=-^ 

a = the horizontal angle between the elevated pole and the heavenly body. 
H = the true altitude. 

<l>^= the assumed latitude of the observation spot, always regarded as +ve. 
p = the polar distance of the body, measured from the elevated pole and 
always regarded as f-ve : thus p=90°±8. 


A suitable formula for machine working is cos a= 


sin8 —sin sin H. 
cos cos H 
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Azimuth by Circumpolar Stars at Elongation. 

This is the easiest method of determining a true bearing, the computations 
are simple and the results very accurate. The disadvantages ^e that its use 
is restricted within certain limits of latitude, the number of suitable stars ^e 
few and the time of elongation must be previously calculated. Any star with 
declination greater than, and of the same name as, the ob^rver’s latitude will 
be at elongation twice during the period it is above the horizon and its altitude 
at those times is always greater thali the latitude. 

It was stated on page 373 that it is undesirable to make azimuth observations 
at altitudes greater than 30°, therefore, since the altitude at elongation must 
be greater than the latitude, the method is virtually restricted to latitudes of 
less than 30°. Near the equator, circumpolar stars are not visible at elongation, 
but good results by observations of Polaris have been obtained in as low a 
latitude as 3° north; so the method may be said to be available between 
latitudes +3° and +30° and between —3° and —30°. 

The nearer a star is to the pole, the slower its apparent motion, and close 
circumpolar stars should therefore be selected in preference to others. The 
apparent places of a number of close circumpolar stars (*.«., those with declina¬ 
tions greater than 81°) are Usted in “ Apparent Places of Fundamental Stars ” 
and these generally are the most convenient to use, but, as several of them are 
of very «Tna11 magnitude, their altitudes at the time of elongation should be 
previously calculated in order that they may be found and identified in the field 
of view of the telescope. At low altitudes, allowance must be made for refraction. 
A further advantage of using these close circumpolar stars is that a small error 
in the assumed latitude has practically no effect on the result. As vnth other 
methods of observing, stars should be paired, if possible, on either side of the 
meridian, but good results should be obtained from observations of Polaris 
alone. 

SeUclion of Circumpolar Sfars.—This is best illustrated by an ^example. 
Let the assumed position of the observation spot be +6° 57' 54", 

+100° 38' 16', and that observations could be started at L.M.T.=19h. Om. 
on 4th March, 1937. From the abridged nautical almanac, R= lOh. 47m. approx., 
hence L.S.T.»=L.M.T.+R=5h. 47m. 

Close circumpolar stars are at elongation about 6 hours before and after 
meridian passage; therefore for east elongation a star must be found with 
RA.=5h. 47m.+6h.=llh. 47m., or greater, and for west elongation one with 
R.A.=5h. 47m.-6h.=23h. 57m., or greater. 

From “ Apparent Places of Fundamental Stars ” are taken : 

Star Mag. R.A. Dec. 

East: 6B Urs. Min. 6-3 12h. 15m. +88° 03' 

West: a „ „ 2 1 01 41 +88 58 

Others may be selected at later times. The azimuths of close circunipolar 
stars, such as the above, do not alter appreciably for a period of about 6 minutes 
before and after elongation. It will be sufficient, therefore, to calculate the 
time of elongation to the nearest minute from the formula : 
cos h == tan 4.Xtan p, 
where h = the hour angle, or 24 hrs.—H.A. 

4, = the assumed latitude, 
p = the polar distance of the star, {i.e., 90°— 8) 

For the purposes of identification, the altitude may be calculated from the 
formula, sin H=sin 4,xsec p, a correction for refraction being applied, if 
necessary. 

In the case of the two selected stars, therefore, the preliminary computation 
is as shown overleaf: 

/ 






East 

West 


6 B Urs. Min. 

a Urs. Min. 


12h. 15m. 00s. 

Ih. 40m. 46s. 

8 * 

-1-88° 03' 

-1-88° 58' 


9019 1 

9-019 1 

L. tan .. 

8-532 1 

8-256 2 


7-551 2 

7-275 3 



h. m. s. 


5 59 li 

5 59 34 


18 00 49 

5 59 34 

R.A.' . 

12 15 00 

1 40 46 

LST 

6 15 49 

7 40 20 

.. 

10 47 27 

10 47 41 

LMT 

19 28 22 

20 52 39 

Long. (E.). 

6 42 33 

6 42 33 

G.M.T. of elongation 

12 45 49 

14 10 06 

L ■ <f> 

9-016 8 

9-016 8 

L. sec p‘. 

0-000 3 

0-000 1 

L. sin H. 

9-017 1 

9-016 9 


5 58 

5 58 

Refn! . 

09 

09 

Approx. Alt. at elongation . 

6 07 

6 07 


Procedure in Observing .—^Allowing a period of about 10 minutes in which 
the observations may be made, the star 6B Urs. Min. should be observed 
between 12h. 41m. and 12h. 51m. G.M.T., and a Urs. Min. between 14h. 05ni. 
and 14h. 15m. The first observations in each case should therefore be made 
on F.L., S.L. two or three minutes before the time of elongation, which will 
give time to change face and make a second set on F.R., S.R.tabout two or 
three minutes after elongation. As with other methods, the horizontal circle 
readings of the R.O. at the beginning and end of the swing and of the star 
should be booked. Times should also be approximately recorded to ensure 
that a limit of 5 minutes on either side of elongation is not exceeded. 

The azimuth of the star is computed from the formula ; 

Sin a=sec ^.Xsin p. 

In very accurate work a small correction for the effect of diurnal aberration is 
applied, but as this only amounts to 0"-3 of arc, it is unnecessary to take it 
into account here. 

True Bearing by Observations of the Sun. 

The procedure in observing is similar to that described for stars, except that : 

(1) A suitable dark eye-shade must be affixed to the telescope each time the 

sun is observed and removed when the R.O. is observed. Unless this 
is done very carefully, the level of the theodolite will be disturbed, 

(2) With a time azimuth, the observation of the sun on each face inust 

consist in bringing first one limb (L or R) into contact with the vertical 
wire of the diaphragm, and then the other limb. For the pu^oses of 
the computation, the mean of the two horizontal circle readings and 
the mean of the times are used. 

(3) With an altitude azimuth the observation on each face must consist in 

making simultaneous contact of two limbs on the horizontal and 
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vertical wires first in one quadrant and then in the opposite quadrant, 
as shown in Fig. 200. 



Fig. 200 


This is most easily done by setting the horizontal wire in advance of 
the sun and keeping the vertical wire on the left or right limb, with the 
upper plate slow motion, until contact is made. The means of the 
vertical and horizontal circle readings are used in the computation. 
Times should be recorded to the nearest minute so that the sun’s 
declination may be corrected to date. 

When possible, two or four sets at about the same altitudes should be taken 
a.m. and p.m. and each set should be worked out independently. The most 
suitable altitudes are about 15° to 20° : below 15° altitude azimuths may be 
unreliable owing to uncertainty in the value of refraction and a mean of the 
upper and lower limb altitudes is appreciably in error owing to the effect of 
refraction on the semi-diameter of the sun. As the horizontal angle subtended 
by the sun’s semi-diameter increases with altitude, the mean of the two hori¬ 
zontal angles of a “ set ” does not represent exactly the mean angle to the sun’s 
centre. This small error can be practically eliminated by reversing the order 
in which the limbs are observed in alternate sets. 

The computation is similar to that for E or W star azimuths, except that the 
H.A. sun (L.A.T.) is found from G.M.T. ±long. ±Eq. of T. The mean observed 
altitude requires a correction for refraction and parallax. The sun’s declination 
and equation of time should be taken out of the standard edition of the Nautical 
Almanac. 

Hints on the Use of a theodoute for astronomical observations 

(1) For star observations diaphragms fitted with spider’s webs are more 
satisfactory than glass diaphragms. 

(2) Most open sights have a slight error. If it is intended to bring stars 
into the field of view by their means this error should be ascertained during 
daylight. To illuminate open sights a light should be held behind the observer’s 
head. 

(3) In observations for altitude, contact should not be made on the inter¬ 
section of the cross-wires, but a little to one side. As far as possible the same 
position on the cross-wire should be used for each observation, in case the wire 
is not exactly horizontal. 

(4) In all observations, when it is possible to do so, the sun or star should be 
left to make its own contact, thus minimising the danger of the level of the 
instrument being effected by unintentional pressure on the slow motion screws. 

/ 







380 Chap. XVI 

(5) Before any set of observations, the observer should verify that all slow 
motion screws are in the centre of their run, and thus obviate the danger of 
them being " two blocks ” before the set is finished. 

(6) A lamp, when used as the R.O. in star azimuth observations, should be 
placed in a box with a vertical slit, the width of which should vary between 
J inch at half a mile to ^ inch at one mile. As explained ori page 374, the 
observations for connecting such a temporary R.O. "with the main triangulation 
must be made with meticulous accuracy. 

Sea Sights for Position 

When a survey is made at any considerable distance from dry land, it is 
frequently impracticable to make connection with the shore by means of a beacon 
triangulation or taut wire measurements, and it is necessary to determine 
geographical position from astronomical observations at sea. The methods 
of using a sextant to find latitude and longitude at ^a are fully described in 
works on Navigation and need not be discussed in detail here. It may, however, 
be remarked that the surveyor must aim at a higher standard of accuracy than 
that required for the ordinary purposes of navigation and for this reason 
rather more care and refinement are needed. 

The most convenient form of computation for the surveyor’s purpose is 
usually that employed for the Marc St. Hilaire position line method in which 
the observed position is obtained by plotting intercepts and position lines from 
an assumed position (the D.R.). Five-f^re logarithms will always give results 
well within the limits of accuracy obtainable with sextant observations at sea 
and the abridged edition of the Nautical Almanac may be safely used for 
taking out the apparent places of the heavenly bodies. Time-recording is 
normally effected by the “ Stand by-Stop ” method with a deck watch on the 
bridge, an assistant noting times of the observations by estimation to the 
nearest one-fifth of a second. Since the rates of most deck watches are unreliable, 
watch error should always be determined from comparisons with a chronometer 
shortly before or after the observations. 

For star sights the most suitable form of instrument is a stellar sextant of 
the type shown in Plate I (page 211), of which the centring error is known 
and which is fitted with a quick-reading micrometer head. The latter is a 
particularly valuable adjunct since it allows a series of observations to be made 
very rapidly, an important consideration when there may only be a short 
period available, and, in addition, no artificial illumination is needed during 
twilight for reading off the angles. Sextants of this tjqje are only designed to 
read directly by micrometer or vernier to minutes of arc, and by estimation to, 
say, 20", whereas most observing sextants can be read to 10". The ^eater theo¬ 
retical accuracy of the latter, however, is almost certainly outweighed in the 
case of star sights by the advantages which a stellar sextant has in its large 
aperture telescope, large mirrors and rapid reading. For sun observations, of 
course, a good observing sextant fitted with shades is essential. 

Surveys out of sight of land may be divided into : 

1. Surveys in which a temporary fixed control in the form of anchored 

beacons is established. 

2. Smrveys of deep water areas in which no fixed control can be provided. 

In the former, the geographical position of one or more of the bea,cons 

should be determined by observations of stars during twilight from the ship at 
anchor or hove to close to the beacon which it is required to fix. When a tme 
bearing has also been observed, the geographical position of any other point 
in the survey can be calculated through the triangulation. 

In the latter, the positions of the soundings must be determined with the 
aid of any astronomical observations which can be usefully obtained and must 
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depend to some extent on dead reckoning between successive sights. The 
ol^rvations in these cases must include sun, moon and venus sights during 
the day as well as stars at twilight. 

Twilight Stars.—^The most accurate method of determining geographical 
position at sea is by observations of stars and planets during morning and 
evening twilight. At these times there is, under good conditions of weather, a 
short period, varying from perhaps only ten minutes to half an hour or more, 
during which stars of the second magnitude and brighter can be reflected in a 
sextant and at the same time the horizon is clearly defined. With a cloudless 
sky it is possible to select stars and planets on different sides of the zenith and, 
by combining the observations, eliminate or reduce to small proportions the 
constant errors to which measurements of this type are subject. An ideal set 
of observations would consist of four stars at about the same altitude and 
differing in azimuth by about 90° from each other. If the observations were 
entirely free from error, the four position lines would all meet in a point—the 
observed position—^but normally they form a quadrilateral such as that shown 
in Fig. 201. 



The " centre ” of the quadrilateral, i.e., a point equidistant from each pair of 
position lines, is the observed position and the radius of the circle drawn to 
overlap one pair by the same amount as it falls inside the other pair represents 
the mean error of the four observations. Arrows, as shown in the diagram, 
pointing from the position lines towards the respective stars should always be 
added to the figure and should all point in the same relative direction, i.e., 
inwards towards the centre of the circle or outwards away from it. If they 
do not do so, that is, if one pair of arrows points inward and the other outward, 
one or more of the observations must be inaccurate or else a mistake in com¬ 
putation may be suspected. When the ship is not stationary during the period 
of observation, due allowance for course and distance steamed must be made 
by using a different D.R. in each computation or, more conveniently, by 
transferring the position lines in the plot for " run." Observations of three 
stars only on suitable bearings will in theory give a result free from constant 
errors, the observed position being at the centre of gravity of the triangle 
formed by the position lines, but there is no check on the accimacy of the 
observations or computations. When more than four stars are observed, a 
circle with circumference equidistant from all the position lines cannot normally 
be drawn ; the observed position can, however, be derived well enough from 
an inspection of the plot. The accuracy of sea sights hardly merits a mathe¬ 
matical analysis such as that used with astrolabe observations. 

The observations of each star or planet should consist of a set of three or, 
if time admits, five altitudes, and for the purposes of the computation the 
mean altitude is regarded as corresponding to the mean of the times. Azimuths 
may, I if desired, be taken out with sufficient accuracy from a diagram such as 
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Weir’s or from tables. Four stars on suitable bearings should give a good 
result, but if time permits seven or eight should be observed. Stars should 
be paired, as far as possible, both in altitude and azimuth. Under good con¬ 
ditions an observer should obtain a position correct within less than a mile 
from a set of four stars at twilight, but a more reliable position is obtained when 
the results of three or four observers, each taking about eight stars, are meaned. 
The simplest method is for each observer to obtain a mean position ; these 
mean positions may be given weights, if desired (allotted according to the skill 
of the observer, and after inspection of his plotted position lines) and they are 
then meaned for the final result. Good results have also been obtained by 
plotting all position lines on one piece of paper and choosmg the best position 
by inspection ; if this method is adopted, the position lines of the different 
observers should be plotted in different colours to facilitate pairing. When 
practicable, observations should be obtained in the same position both a.m. 
and p.m. . . • j 

Identification of the stars is greatly simplified if a rough bearing is obtained 
at the time of observation ; then with the help of a star globe or the publication 
“ What Star is it ? ” there should be little difficulty. 

Fixing by Day.—Fairly satisfactory geographical positions for beacons out 
of sight of land can be obtained, under favourable conditions, from a series of 
sun sights ; for longitude, the sun should be observed a.m. and p.m. at approxi¬ 
mately equal altitudes when its altitude is over 30°; and for latitude, a meridian 
altitude should be observed; (in low latitudes, observations of short equal 
altitudes may be added with profit). The chief cause of unreliability in positions 
thus obtained is the lack of any check, by “ pairing,” of the latitude ; and a 
disadvantage, often, is the upsetting of the surveying programme through 
having to visit the beacon at such frequent intervals. 

When a ship is employed on sounding or oceanographical work m circum¬ 
stances that preclude the use of any fixed form of control, it is necessary to fix as 
often as possible by astronomical observations during daylight as well as by 
making use of twilight stars. Such observations cannot normally be ‘ ‘ balanced 
by corresponding ones on the opposite side of the zenith, and owing to^ the 
uncertainty in the value of refraction it must be accepted that any one position 
line may be as much as 2' or 3' in error. Sun sights should be obtained, if 
possible, at about hourly intervals during the day and the rnoon at such periods 
as it is visible should also be obseri'ed. Venus, when not within 20° of the sun, 
can be seen in a clear sky ; if its approximate altitude at any time is calculated 
and set on the sextant, there should be little difiiculty in finding it and the 
observation is often of great value, especially if its R.A. differs from that of the 
sun by about three hours since a latitude sight can then be obtained at about 
0900 or 1500. Equal altitudes of the sun E and W of the meridian give the 
most reliable longitude by day, allowance being made for the run. Latitude at 
apparent noon may be determined by circum-meridian altitudes of the sun, 
but careful observations of its altitude, when on the meridian, by two or three 
observers working independently will probably give at least as good a result as 
a set of circum-meridian altitudes by one observer. When the sim is within 
20° of the zenith at apparent noon, the supplement of the altitude can also be 
measured by bringing the sun down to the horizon on the opposite side of the 
zenith. This is rather an awkward observation but meaning altitudes thus 
obtained with direct altitudes eliminates the errors due to dip and terrestrial 
refraction. 

Fixing by Stars at Night.—Positions can frequently be obtained on moon¬ 
light nights from observations of stars, but a false horizon is very common at 
such periods and such observations should usually be regarded as only an 
approximate check on the ship’s position but valuable as an indication whether 
an unsuspected current is setting her far off the required course. 
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Observations for True Bearing at Sea 
Observations for true bearing at sea are required when a survey depends 
on a beacon triangulation which is not connected to any point on the land. 
The true bearing or azimuth of one or more of the sides, i.e. from one beacon 
to another, must be determined in order that geographical positions and 
rectangular co-ordinates may be calculated and the orientation of the survey 
as a whole may be established. Azimuth observations at sea may also be 
required to connect a position with a distant land object, such as a well-defined 
peak or a lighthouse, and in such cases may be used in conjunction with a taut 
wire distance or an angle to another fixed point on the land to determine the 
geographical co-ordinates of that position. 

Since a theodolite cannot be used on board ship, recourse must be had to a 
sextant for making the observations. With this instrument it is only possible 
to make a direct measurement of the angular distance between the R.O. and 
a heavenly body whereas the horizontal angle between them is required for com¬ 
puting the true bearing. If, however, the altitudes above the horizon of the 
R.O. and the heavenly body are measured at the time the angular distance is 
observed, the horizontal angle between them may be found; the precise 
formula for this is; . . 

_ sm i (C+H-h) sin j (C-H-f-h) 

® cos J (C-fH+h) cos J (C-H-h) 
where a = horizontal angle 

C = angular measurement from heavenly body to R.O. 

H = altitude of heavenly body corrected for Dip 
h = altitude of R.O, corrected for Dip 
When computing the horizontal angles observed altitudes must not be corrected 
for refraction but they must be corrected for dip and, in the case of a R.O. on or 
nearer than the horizon, the altitude becomes a minus quantity, i.e. the zenith 
distance is greater than 90°. Attention to the signs in the above formula is then 
necessary: alternatively the half-log haversine formula may be used to calculate the 
horizontal angle, thus avoiding any possibility of error over the signs. 


When the observed angular distance is near 90° the altitude of the elevated 
object has least effect on the resulting horizontal angle (see Table XIX). The 
R.O. and the heavenly body should therefore be chosen so that the angular 
distance between them is, if possible, not far from 90°. 

Measurement of the an^lar distance is rather more easily made with a 
sextant if the higher object is reflected, i.e., when the heavenly body lies to the 
right of the R.O. When, therefore, a choice is available, this disposition should 
be selected. For observations of stars, a sounding or stellar sextant (with a 
known centring error) is the most convenient, but for sun observations an 
ordinary observing sextant is needed since shades in front of one or other of 
the mirrors will be required. The heavenly body should be at an altitude of 
about 10° to 20° ; below 10° appreciable errors due to uncertainty in the value 
of refraction may arise, whilst above 20° small errors in the observ^ angles 
have a considerable effect on the results. 

The sun is generally used for azimuth observations at sea and gives suffi¬ 
ciently accurate results, but a bright star or planet observed during twilight 
is sometimes better if the R.O. can be seen at that time. For instance, if the 
only suitable R.O. is nearly east or west of the observer, the angular distance 
to the sun, when at a convenient altitude, will not usually be an5rwhere near 
90°, whereas this condition may be easily fulfilled by selecting a star to the 
north or south. Again, an azimuth is sometimes required to a distant shore 
light on a structure which cannot be seen by day, and a star or planet must 
then be used for the observations. 

Since the apparent altitude of the heavenly body is required in the formula 
for, correction of the observed angular distance, its measurement should be a 
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part of the observations, and it is usual to compute the result as an altitude- 
azimuth from the formula: 

tan*?- = sec sxsin {s-H)xsin {s-^.)xsec (s-p), where s=- ^ - 

when computing by logarithms. 

For machme workmg, cos a= — cos ^ cos H — ^ suitable formula. 

It may occasionally be necessary to dispense with the altitude measure¬ 
ments, e.g., if the observations can only be made after dark when the horizon 
cannot be seen, and to compute the results as a time-azimuth, but the apparent 
altitude must then be deduced for use in correcting the angular distance and 
this is not so satisfactory as a direct measurement. 

Two or three sets of observations should give a result correct within 1' of 
arc, an order of accuracy sufficient for a beacon survey, and it may be possible 
occasionally to pair stars east and west of the meridian. Times need only be 
recorded to the nearest second on a deck watch and the apparent places of the 
sun and stars may be taken from the abridged Nautical Almanac. It mil also 
be sufficient to take the computations to the nearest decimal of a minute of 
arc and to use five-figure logarithms throughout. The correction for parallax 
is very small and scarcely affects the final result. 

Procedure in Observing. —Suppose that at a moored beacon. A, the trae 
bearing of another beacon, B (the R.O.), is required and that in the evening 
the sun at an altitude of about 15° subtends a suitable angle, i.e., about 90° from 
the R.O. The ship should heave to or anchor close to A and the distance and 
bearing of the latter should be measured at the moment of observation so that 
any necessary correction for “ false station ” may be subsequently applied. It 
can often be arranged that, at the time the angular distance between the R.O. and 
the heavenly body is measured, the observer on the bridge is on the alignment 
of A hnd B and in consequence no correction for false station is required. 

To determine the azimuth, the angle between the R.O. and the sun’s centre 
is required. This point cannot be exactly judged and the observer therefore 
measures with a sextant first the angle from the R.O. to the nearer limb and 
then to the further limb, or vice versa, an assistant recording the times of each 
observation. The mean of the angles and times are used in the computation, 
and the sun’s apparent altitude at this mean time is also required. If two 
observers are available, the first may measure the angular distances and be 
able to synchronise his observations with those of a second observer measuring 
the altitudes, and the mean altitude will correspond to the mean time. If only 
one observer is available, he should measure first the altitude, then the angular 
distances, and finally the altitude again. In this case the altitude, at the 
mean time of the angular distance measurements, is deduced. 

It will be appreciated that if the R.O. is a land object and is elevated above 
the horizon, its altitude is required also, in order that the observed angular 
distance may be converted to true horizontal angle ; but this may be observed 
at leisure either before or after the other observations. 

Example of Computation. —16th Dec., 1932. Observations'of the sun from the 
ship hove to near Lode beacon to determine the true bearing of Mine beacon 
from Lode. No correction for false station necessary. Height of eye 33-5 feert. 
One observer. 

Assumed position : -f9° 08'-0, «,= —13° 47'-6 ; 

Observing Sextant No. 182 ; C.E., Nil; I.E., —0'-4 ; 

Watch error Im. 54s. slow on G.M.T. 

Barometer : 30-6. Thermometer : 60° F. 

App. watch time of observations = 17h. 42 •5m. 

Watch error .. .. .. + 1 "9 

.. = 17h. 44-4m. on 16th Dec. 


G.D. of observations .. 
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Altitude Measurements. 


Before. 

After. 

Watch Times. 

Obs. Alt. Q 

Watch Times. 

Obs. Alt. Q 

h. m. s. 

o 

h. m. s; 

o 

17 39 15 

11 38-9 

17 45 00 

10 22-4 

39 47 

31-6 

45 29 

16-2 

40 16 

26-1 

46 01 

08-8 

3)138 

3)96-6 

3)90 

3)47-4 

17 39 46 

11 32-2 Means 

17 45 30 

10 Isl 


Angular Distance Measurements. 


Watch Times. 

Observation. 

Observed Angles. 

h. m. s. 

17 42 10 • 

42 54 

Mine — O 

Mine — O 

96 02.2 

96 38-0 

2)64 


2)40-2 

17 42 32 

Means 

96 20-1 




C+H+* .. 



ESITlr 



hi 

s—p . 

I 
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If preferred, the azimuth may be computed the Half-log Haversine formula 
in the form : 


Hav a = cosec c cosec z Vhav [p-f (c ~ z) ] hav [p —(c ~ z) ] 
where a = azimuth of the heavenly body, 
c = co-latitude=90°—latitude, 
z = zenith distance, 
p = polar distance=90°± declination. 

The working of the previous example will then be as follows :— 
c = 80° 52'0 log cosec 0-00554 

z = 78 59 -3 log cosec 0-00807 

c~z = 01 52 -7 

p =113 20 -4 


p-f(c~z) =115 13 -1 i log hav 4-92655 

p_(c~z) =111 27 -7 I log hav 4-91719 


=N116 06-5W log hav 9-85735 


Other Methods of Obtaining Position at Sea 

Although a little out of place in a chapter on astronomical observations, 
other methods of ol^taining position at sea may conveniently be mentioned here. 

Astronomical Observations combined with Compass Bearings. —^The methods 
of combining astronomical observations with compass bearings of distant land 
objects are described in books on navigation. 

Taut Wire.— Taut wire measuring gear is described in Chapter II, and a 
method of obtaining position at sea by its use is given on page 21. This is one 
of the most satisfactory means of obtaining a position when out of sight of land, 
and, under good conditions, may be considered accurate to about 1:500. Its 
use, however, is virtually restricted to a distance of about 130 miles from a 
point of departure of known position (since each drum contains a bare 140 miles 
of wire) ; and, for an absolute position, at least two such points of departure, 
suitably placed, are required. 

Radio Aids to Navigation. —These have been developed with great rapidity 
in recent years, and it is now possible to fix out of sight of land with much 
greater accuracy than-heretofore. Several systems, briefly described below, 
are still (1947) in the experimental stage, and it is too early to say whether 
they will prove sufficiently accurate and reliable to be used extensively by the 
hydrographic surveyor. 

Radio Bearings .—The accuracy of this long-established “ aid ” cannot be 
considered greater than about 2°, equivalent to an error in position of If miles 
at a distance of only 50 miles from the radiobeacon or D/F station (and, under 
certain conditions, the error may greatly exceed this). Its use for surve 5 dng, 
therefore, must never be regarded as more than a temporary expedient. 

Radar .—Ranges up to a maximum of about 25 to 30 miles can be obtained 
with modern types of radar to an accuracy of about 10 yards, i.e., an error of 
1 : 5000 to 1 : 6000. As ranges can be taken only of objects which are above the 
horizon, the use of radar for obtaining position is restricted to those areas where 
an optical range-finder, of similar accuracy, could be used if conditions of 
visibility allowed. 

Radar, however, may be put to many other uses during the survey, some of 
which are discussed in the following chapter. It may be particularly useful for 
fixing the ship when sounding in poor visibility; position being found from 
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two or three nearly simultaneous ranges (due allowance being made for the ship’s 
course and speed) ; or a form of “ fixed angle ” sounding (see page 208) can be 
carried out by keeping one object at a constant range and “ cutting off ’’ with 
the range of a second object. 

Loran, Decca and Gee.—Special latticed charts are required for use with 
these “ aids,” on which are printed various sets of interlacing lines of position 
of hyperbolic form. The different- sets are printed in different colours and all 
lines in each set are numbered for identification. Though different methods are 
used and different principles involved in the three systems, all record the 
identification numbers of the lines of position on which the ship is situated at 
the time of the " fix ” ; thus, 45 on one dial and 30 on another would indicate 
that the ship was situated, say, on number 45 green line and on number 30 red 
line, the position of the intersection of these two lines can be seen on the latticed 
chart. 

As in station pointer fixing, the accuracy of the position depends chiefly on 
the relative positions of the ship and the transmitting stations at the time of 
the “ fix.” 

Consol .—^This is a system of a direction-finding type where the lines of posi¬ 
tion are great circles radiating from the transmitting station. Two or more 
stations are necessary to give an absolute position. A M/F receiver is tuned 
in turn to each station and records coded signals, from which the bearings are 
deduced. This system appears more suitable for long ranges than the “ hyper¬ 
bolic ” systems mentioned above. 
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CHAPTER XVII 
SURVEYING PROBLEMS 

Surveying out oe Sight of land. 

Many hydrographic surveys are undertaken either partly or wholly out of 
sight of land. Where the depths are such as to indicate possible dangers to 
shipping, such surveys must be made in as much detail as that required in 
coastal work and a framework in the form of a floating triangulation must be 
provided to enable a thorough examination of the ground to be made under 
conditions which exclude plottable error. Where, however, the depth of 
water is great and it is in consequence unlikely that any dangers exist, a less 
detailed examination will sufiice and such work does not as a rule justify time 
spent on a regular triangulation which will in any case be hardly practicable 
when the general depths are over 50 fathoms. 

In discussing surveys out of sight of land, it is convenient to divide them 
into four main types. 

(1) Surveys connected to the Land.—When shore objects cannot be used for 
fixing, the normal method of providing the necessaty framework for a detailed 
survey is by means of a floating triangulation consisting of beacons anchored, 
or, if the scale is large, moored, in such positions that a station pointer fix is 
obtainable anywhere within the limits of the survey area. Subject to the general 
depths being neither too great nor too small, the beacons can usually be dis¬ 
posed to form a series of well-conditioned polygons and (or) quadrilaterals 
(vide pages 82-86). It is always desirable to connect such a floating triangulation 
to fixed {joints on the land if this can be done without undue exjjenditure of 
labour and time, and within 30 or 40 miles of the coast it should generally be 
possible to effect this by one or more of the following methods :— 

(а) A floating triangulation, in which the inshore beacons are fixed by 

angles to and from shore stations and from which an extension is made 
by means of other beacons to connect with those in the survey area. 
Examples of such triangulations are given on pages 84 and 85 which 
would enable soundings to be fixed up to about 35 miles off shore. 

(б) Taut wire measurements from two or more {xjints near the land to one or 

more of the beacons of the floating triangulation, as shown in Fig. 9, 
page 21. In this method the scale of the survey must be determined by 
a further taut wire run between two of the beacons or by one of the 
other methods of base measurement described in Chapter II. A true 
bearing must also be found by astronomical observations (pages 383-6). 

(c) Beacons laid in transit from fixed points ashore, their distances from 

the land being measured by taut wire. (See page 86 and Fig. 44a.) 

(d) Sub-aqueous sound ranging; an alternative to taut wire. (See page 25.) 

(e) Radar ranges, another alternative to taut wire, provided the distances 

are within optical range. (See pages 26 and 386.) 

(/) Ship stations, which can be used in a variety of ways in lieu of anchored 
Deacons. 

An example of method (/) is shown in Fig. 202, in which the area enclosed by 
a pecked line is to be surveyed. A and B are two trig, points on the land, 
L is a light-vessel, and S is a station where a ship is anchored temporarily 
for observing the angles necessary to connect the beacons a, b, c of the floating 
triangulation to A and B. The two points on shore are not visited, but sextant 
angles to A, B, etc., are observed at L, by an assistant stationed on the light- 
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vessel, and at S. Angles at a, b and c are also observed at the same time, 
provided enough assistants are available and can be stationed at those beacons. 
When a light-vessel and the ship are used in this way it is very desirable that, if 



o_5_w__» 

Fig. 202 

possible, all observations to and from them should be made simultaneously so 
that large errors, due to movements round their anchors, are not introduced, 
and a system of signals should be arranged so that this may be done. 

The computation of the sides in the figure ABSL is similar to that of the 
“ inaccessible base,” of which an example is given on pages 22-24. 

From the side SL the remainder of the floating triangulation may be computed 
in the usual way and rectangular co-ordinates of the beacons can be calculated 
for plotting purposes. The use of the ship and light-vessel allows a simple 
and rapid connection to be made between the land stations and the nearest 
beacons which in the example are over 16 miles away; if the cormection had 
to be made by intermediate beacons, several would be required and they would 
afterwards serve no useful purpose in the survey. 
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Numerous examples could be cited of the use of the ship and light-vessels 
in a similar manner. The latter can be seen at a very long distance on a clear 
night from an elevated position and the necessary angles may be observed 
during the hours of darkness, thereby often providing an invaluable link 
between the land and an off-shore survey. Stranded wrecks and temporary 
marks erected on sandbanks can frequently be used and, being stationary, 
usually provide a more reliable connection than light-vessels. Navigational 
buoys may also be used for the same purpose. 

(2) Detached Surveys. —When detailed surveys are required at such distances 
from the land that a connection cannot be made without an undue expenditure 
of time and labour the work is based on a fully-floating triangulation {vide 
Chapter IV), beacons being anchored or moored in more or less regular forma¬ 
tion to provide a control framework and for use as sounding marks in the 
area. At one or more of the beacons astronomical observations for geographical 
position and true bearing are obtained, and the scale of the survey is determined 
by a measurement of the distance between any two of the beacons. This 
measurement may be made ; 

(а) By taut wire or sound-ranging : these are the most accurate means 

available and should be used for any extensive or large-scale work. 

(As previously explained, radar ranging for surveying is still (1947) in 
the experimental stage, but, within the limits of optical range, it is, 
probably, at least as accurate as taut wire for determining the scale.) 

(б) By the mast-head angle method {vide pages 15, 16) : this should give 

sufficiently accurate results for surveys of small extent on scales not 
larger than 1/50,000. 

(c) By log, the distance between the two beacons being run in both directions 
and the results meaned : an accuracy of abjut 1/100 should be obtain¬ 
able by this method and may be sufficient for the survey of a small 
area on a scale of 1/100,000. If the measurement is afterwards made 
by more accurate methods, it will only involve a uniform correction to 
the logarithms of the sides of the triangulation. 

(3) Less Detailed Surveys. —In areas where it can be anticipated with reason¬ 
able confidence that no dangers to navigation exist, a less detailed examination 
than those visualised in the preceding paragraphs will often fulfil requirements. 
Such surveys are often needed to demarcate the limits of a bank in mid-ocean 
with sufficient soundings to indicate its contours with tolerable accuracy. In 
these cases the only essential requirement is that the ground should be examined 
in a fairly methodical manner, and time spent on a regular floating triangulation 
is not justified. 

If possible, one beacon at least should be anchored in the area to provide a 
fixed datum point from which the ship and (or) boats can work. In good weather 
beacons have often been successfully anchored for short periods in depths of 
more than 400 fathoms, using small-sized mooring wire such as Kelvin sounding 
wire and, if necessary, increasing the buoyancy of the beacon with additional 
drums and securing floats at intervals on the wire. 

A method of making a small survey using a single beacon is shown in Fig. 203, 
in which the approximate limits of a bank are indicated by a dotted line. A 
beacon is anchored in the position shown, and lines of soundings (shown 
pecked) radiating approximately from it, are run to cover the area. Within 
a mile or so of the latter, fixing is effected by compass bearing and range-finder 
distance ; elsewhere fixing depends provisionally on a bearing and log distance 
from the beacon, but each time it is approached a check on the intervening run 
is obtained and the fixes may be adjusted for errors due to an unsuspected 
set. Every care must be taken to ensure that the log gives accurate results or 
that its errors are determined and applied, since there is no other check on the 
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actual distance steamed except by means of the revolutions. If the soundings 
indicate shoal depths in any part, these positions must be more closely examined 
by anchoring d^ buoys and rmming additional lines from them. In calm 
weather motor-boats, fitted with a suitable t57pe of echo sounding gear, may 
be used to assist the ship, a boat being stationed at a distance of, say, J to J 
of a mile on each beam and fixing (relative to the ship) by means of masthead 
angles and compass bearings. The geographical position of the beacon is 
determined by astronomical observations, preferably of stars at twilight. 



Fig. 203 


(4) Deep Sea Soundings. —When the depth of water precludes the use of 
any beacons, soundings out of sight of land must be fixed entirely by astro¬ 
nomical observations. In such surveys instructions are usually issued as to 
the exact requirements, e.g., if the ship is fitted with a deep-water echo set, 
where the lines of soundings are to be run, or, if wdth a deep sea sounding 
machine only, at what intervals the soundings are to be obtained. In other 
cases the location of the soundings is left to the discretion of the surveyor 
who will be required to make a sufficiently detailed examination of the survey 
area to indicate the contours of the bottom with tolerable accuracy, taking into 
consideration the resources and time at his disposal. 

The ship should, if possible, be in a position to start sounding soon after 
daylight so that a good fix by A.M. twilight stars can be used as a starting-off 
point. Thereafter the position at any time must depend on dead reckoning 
combined with such other astronomical observations as are obtainable. Since 
any single observation may give a result as much as 2' or 3' in error, it will 
usually be necessary to apply arbitrary corrections designed to give the most 
harmonious fit consistent with the various individual sights and dead reckoning. 
The latter must be kept as accurately as possible, but strong currents are not 
infrequent, even in mid-ocean, and a considerable error in the reckoning may 
accumulate in the course of a few hours. Generally speaking, therefore, when 
an accepted/position has to be determined from a scrutiny of all available 
results, the greater part of any discrepancy between the D.R. and the observed 
position must be assigned to the former. 
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RuNHiNG Surveys. 

A running survey is one in which the greater part of the work is done from 
the ship steaming along the coast, fixing chiefly by dead reckoning and astro¬ 
nomical observations, and at the same time observing angles and bearings to 
selected and prominent coastal features. ' A line of soundings is run on the 
course made good and any additional information of a hydrographical nature, 
which can be obtained whilst under way, is collected. 

In the earlier years of hydrography, running surveys formed an important 
and considerable part of the surveyor’s work. The results were not always very 
accurate, but a rough and incomplete chart nf a large area was often a more 
urgent requirement than detailed surveys which required a much longer time 
to execute. In modem times the occasions when a running survey is necessary 
are comparatively rare, but there are still a few parts of the world where they 
may be of value and they are often useful as a method of exploring the ground 
so that a suitable scheme of triangulation for a detailed survey may be devised. 

Running surveys may vary considerably in character. In the least accurate 
form, the ship will perhaps be able to steam only once along the coast and, 
with no initial data to work on, the coastline and more conspicuous coastal 
features will have to be plotted by bearings and angles from a series of positions 
dependent for their accuracy on dead reckoning and a few astronomical obser¬ 
vations. The amount of detail will be small, the accuracy not very great, and 
the whole work will generally depend on a compromise between a number of 
discordant results. At the other extreme, a mnning survey may be required 
of a portion of the coast which is inaccessible for landing but where some, at 
least, of the work can be based on trigonometrical points which have been 
previously fixed and plotted. In these cases the ship will probably be able to 
steam along the coast more than once, stopping as necessary to elaborate the 
detail and, in fact, gathering enough material to form a tolerably comprehensive 
and accurate chart of the area. The procedure then differs little from that 
described on page 252 under the heading, “ Shooting up the coastline from 
Boats,” and need not be further discussed here. 

Suppose a rapid running survey, in its most rudimentary form, i.e. with no 
previous data to work on, is required of a considerable extent of coast where 
only the general trend is known. A suitable scale for the work must first be 
selected ; good results can hardly be obtained on a scale larger than 1/50,000 
(1| ins. to a mile) and usually a scale of 1/100,000 will be the best. A blank 
field board should then be prepared on Mercator’s projection with scales of 
latitude and longitude, corresponding to the selected scale of the survey, and 
one or more lines representing true meridians marked on it so that differences of 
latitude and longitude, courses, distances, and bearings may be quickly laid off. 
As the accuracy of the survey will depend largely on patent log distances, 
compass courses and bearings, the errors of the log and compass should be 
carefully determined and applied in plotting the observations. 

To get the best results, several observers should be available on the bridge 
and the work must be carefully organised so that each has a definite duty to 
perform. For instance, two may be employed solely in taking angles and 
bearings of the shore subjects, one drawing sketches of the coast as the ship 
steams along, one taking astronomical observations and one plotting, whilst 
an assistant keeps a complete record in a deck book of all observations, log 
readings, engine revolutions, courses steered, times, etc. 

The method adopted is to steam at a moderate and constant speed approxi¬ 
mately parallel to the coast, with as few alterations of course as possible. The 
ship’s position is provisionally plotted every few minutes from the courses 
steered and log readings, due allowance being made for the effects of wind 
and any known current. If a taut wire apparatus can be used, the counter 
should be read whenever a fix is required since distances can then be taken off 
with much greater accuracy than by log readings. As the ship proceeds, angles 
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and bearings are taken to any recognisable points on the coastline and to 
conspicuous objects inland, the times of each observation being noted. In 
this connection angles or bearings to distant hills are particularly useful since, 
after adjustment of the plotted track to accord with astronomical observations, 
they may be re-plotted first and, if the rays intersect satisfactorily, serve as 
objects for station pointer fixes from which the nearer detail can be laid down. 
Sufficient angles and bearings must be obtained to plot the positions of off-lying 
islets, rocks, etc., and of all noticeable promontories on the coast. A few o^r- 
vations to points in the intervening ba 5 rs should also be obtained, if possible, 
but generally the latter will have to be put in by eye (unless radar is fitted, 
which will enable much of it to be plotted with accuracy). In taking the observa¬ 
tions, it is usually preferable to select one of the more distant objects as an R.O. 
or zero ; the bearing of this is observed and protracted on the field board and 
the observations to other points may then be measured with a sextant from the 
R.O. and plotted with a station pointer. The heights of hill features can be 
calculated from vertical sextant angles; rapid sketches, made at different 
positions, will be of material assistance in correcting and adding to the detail 
as it is plotted. 

All angles and beatings should be plotted as soon as they are observed in 
order that mistakes of identification and measurement do not go undetected 
and so that the detail may be provisionally drawn in whilst it is still in sight. 
Exact intersection of three or more rays to an object cannot usually be expected 
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but the " triangle of error ” should never be so large that there is difficulty in 
choosing an accepted position. When the results of the astronomical observa¬ 
tions are available it will generally be necessary to adjust the ship’s position 
to accord with them and this will involve replotting all the observations. 
Example of a Running Survey : 

The ship starts from A (Fig. 204), a position which is fixed by observations 
of stars at morning twilight, to make a running survey of about 40 miles of 
coastline trending N.N.W. A straight course is steered as far as D, where the 
position is again determined by sights of the sun and Venus (on the meridian), 
and the rays shown are observed at A, B, C and D. Course is then altered 
towards G, further rays being observed at E, F and G, and thence towards J, 
where a latitude by ex-meridian altitudes of the sun is obtained. The positions 
of B, C, D, etc., relative to A, are provisionally plotted by dead reckoning, 
due allowance being made for any known or suspected currents, and a pre¬ 
liminary plot of all rays is made from these provisional positions, and the coast¬ 
line, off-lying islet and rocks, the range of hills inland and any other conspicuous 
detail is drawn in lightly. The positions of D and J are then replotted relative 
to A to accord with the differences of latitude and longitude obtained by 
astronomical observation, the intermediate stations B, C, etc., are adjusted to 
accord with the new positions of D and J, the rays are replotted and the detail 
drawn in afresh. 

Adjustment of Running Survey Plot to harmonise with Astronomical Observa¬ 
tions. —One method is illustrated in Fig. 205. 



The ship’s course, provisionally plotted from the dead reckoning, follows the 
line ABCDE. Astronomical observations are obtained at A and E and show 
by differences of latitude and departure that the line AE is truly represented 
in bearing and length by A' E'. Join AE and A' E' and drop perjiendiculars 
from the points B, C and D onto AE to meet it in 6, c, and d. Set a pair of 
proportional dividers to the relative lengths of AE and A' E' and transfer the 
points b, c, d on AE to their corresponding positions b', c', d' on A' E'. Draw 
perpendiculars from b' c' d' and with the proportional dividers cut off the 
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lengths b' B', c' C', d' D' corresponding to 6B, cC, dD. Then A' B' C' D' E' 
represents the course made good by the ship. 

An alternative method is shown in Fig 137b, page 252. 

More detailed and accurate running surveys than that described rnay be 
made if ample time is available. For instance, boats working close inshore 
to sketch in the smaller detail may be employed in conjunction with the ship 
and a line of beacons can be anchored offshore to be fixed relatively by compass 
bearings and taut wire measurements and to serve as a kind of rudimentary 
triangulation from which to work. If air photographs of the area are obtained 
much extra detail can be inserted and information, previously doubtful, can be 
either confirmed or rejected. In every case the surveyor will be faced with the 
problem of making a satisfactory compromise between discordant observations 
and the best results can only be obtained after long experience in this type of 
survey. 

Correction of Sextant Angles for Altitude of Objects Observed. —All angular 
observations in Running Surveys (and most of those in Sketch Surveys; see 
later), are made with a sextant and are, therefore, angular distances and not 
(unless both the objects observed are at the same height above sea level as the 
observer) the true horizontal angles required for plotting. This can be seen. 



in Fig. 206, where an angle is observed at O between a conspicuous summit. A, 
and a rock, B, at sea level. The angle observed is AOB, the angular distance, 
whereas the angle required is A'OB, A' being the point at sea level vertically 
below A. In the case illustrated, where one of the objects is on the level of the 
observer and the other elevated, the true horizontal angle can be found from 
the formula: 

cos. horizontal angle=cos. angular distance X sec. apparent altitude. 

Corrections (computed from this formula) to be applied to the observed 
angular distance to obtain the true horizontal angle, are given in Table XIX 
It will be seen that they are considerable and that large errors may be introduced 
in the plot if they are neglected. However, since cos. 90° is 0, the horizontal 
angle will be equal to the an^lar distance when they are both 90°, whatever 
the altitude of the elevated object may be, and this should be remembered when 
choosing the R.O. from which to measure the angle to an elevated object. If 
an elevated object is required as a zero, it is frequently possible to pick out 
some distinctive mark on the shore (say a tree slightly taller than its fellows) 
exactly 90° distant from the true zero and use it as a false R.O.; the angle 
required is then either the sum, or the difference, between 90° and the angle 
observed to the false R.O. Well-defined summits are frequently the most 
convenient objects to use as a R.O. (being probably the most easily distinguished 
mark for the observers and also a suitable zero for plotting the rays later) ; but 
provided the altitude of such a R.O. is not too great, or the coastline too 
featureless, it will nearly always be possible to pick out an object at sea level 
vertically below the summit and observe to that instead of to the summit 
itself, and so avoid tiresome corrections. 

When both the observed objects are elevated, the true horizontal angle is 
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obtained by solving the spherical triangle in which the three sides—the angular 
distance and the co-altitudes of the observed objects—are known, and the 
angle opposite one of them {i.e., that opposite the angular distance) is the 
required true horizontal angle. In this case the observed angle is not corrected 
automatically by being made a right angle. 

SKETCH Surveys. 

There is no clearly-marked distinction between a running survey and a sketch 
survey, but generally speaking it can be said that the fomer is chiefly the product 
of observations made under way whilst the latter is a survey of a more deliberate 
character and the observations are mainly made from the ship or a boat at 
anchor. Naturally, a higher standard of accuracy is obtainable when the 
observations are made at leisure from a stationary position, and a sketch survey 
of a moderate area on a scale of 1/25,000 (about 3 inches to a mile) or smaller 
should be practically free from plottable error. 

In comparing a sketch survey with regular surveys, such as those which 
have been considered in the earlier chapters, the following are the chief points 
of difference : 

(1) Any triangulation is of the most rudimentary form and there is no rigid 

framework of trigonometrical points whose positions may be defined 
by co-ordinates. In consequence of this, it is almost certain that 
errors of plottable magnitude will accumulate if the survey is extended 
over any great distance or area. 

(2) The accuracy of the survey depends almost entirely on the plot, without 

mathematical checks on the observations, and fixation is effected by 
reference to natural objects, such as hill-summits, trees, tangents of 
the land, etc. ; in some cases these may not be very well defmed but 
must be used for lack of more suitable marks. 

(3) Compass bearings are largely used as a means of determining direction. 

(4) Distances by vertical sextant angle to objects of known height, by 

range-finder and by log are often required. 

(5) The topography is mostly or entirely sketched in from ship and boat 

stations, and is not very detailed. Unimportant parts of the coastline 
may be drawn in largely by eye. 

(6) No systematic exploration, by means of regularly spaced lines of sound¬ 

ings, of the water area is made, and the existence or non-existence of 
dfmgers must depend chiefly on a visual examination of the area. The 
amount of sounding, which is carried out, naturally depends on the time 
available and in most cases a few zig-zag lines and soundings taken 
“ on passage,” i.e., when the ship or boat happens to be moving from 
one position to another, must suffice. It should generally be possible 
to erect a temporary tide pole and secure sufficient readings for the 
approximate reduction of soundings, but it may not be feasible to make 
a long enough series to establish a really satisfactory datum. 

(7) In the absence of other data, geographical positions may have to depend 

on sights taken from the ship at anchor. Azimuths may have to be 
observed astronomically or may depend on gyro or magnetic bearings. 
A sketch survey may be required : 

(а) When time and circumstances do not permit a more regular and detailed 

survey. 

(б) In areas which owing to their general lack of depth are of little importance 

to navigation. 
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(c) As exploratory surveys which will serve to determine the general form of 

the coast and the character of the area, and which will, if necessary, 
enable a suitable scheme of triangulation to be evolved, should a 
detailed survey be ultimately required. 

[d) As a preliminary measure to discover whether a place is worth surveying 

in detail. 

Sketch surveys may be undertaken by the ship or boats, or both may work 
in conjunction. In exposed waters the ship should usually be employed, 
having, advantages over boats in the comparative steadiness of the observing 
position, good range of visibility, accuracy of bearings and possession of a 
range-finder. In many cases, however, the work is more conveniently done 
from boats which are at liberty to go almost anywhere without danger of 
grounding, can anchor and weigh in a few moments and can land parties for 
observations on shore, if required. It frequently happens, also, that the ship 
herself at anchor will provide a useful mark from which the boats can work. 

To carry out a sketch survey it is essential that the general principles of 
surveying should be thoroughly understood, but it remains true that the whole 
operation is chiefly one of knack and the results depend on the surveyor’s ability 
to devote his time to the essential observations without wasting it on petty 
detail. The procedure must be varied widely in different circumstances, but, 
as a rule, a sketch survey might be described as a species of traverse. In 
some cases, data in the form of one or more fixed trigonometrical points, which 
may be plotted on a field board, will be available and the sketch survey will 
be based on them. In others, a suitable natural scale, e.g. 1/60,000, must be 
decided on before the work is commenced and a field board prepared with 
corresponding scales of miles and cables and a straight line to represent the 
true meridian. A prick hole a is then marked on the board to represent the 
first station of the traverse; this will be the point first occupied by the ship 
or a boat at anchor, or, in the case of a very simple survey, e.g., the coastline of 
a small island, by the vessel hove to. At a the true bearing by gyro compass 
of one of the more distant objects in the survey is observed and plotted, and 
sextant angles are measured between this object and any easily recognisable 
detail which can be seen, particular care being taken to include well-defined 
hill summits and similar objects which it is anticipated will be visible when the 
vessel moves on to a second station, b. Range-finder distances are also taken 
to any neighbouring objects and vertical sextant angles to summits whose 
heights may subsequently be useful. All rays should be plotted before the 
vessel moves from one station to the next. 

A provisional position further along the coast is now selected for the next 
station, h, and the vessel weighs and proceeds in that direction, sounding as 
she goes. Every effort should be directed to making good a straight course 
between a and b, and this can very often be done by selecting a position for 
b so that a transit, of which the bearing has been observed from a, can be 
steered. In any case, even if no transit is available, a line of constant bearing 
on one of the objects observed from a should, if possible, be maintained. 
Having steamed a suitable distance to a position where rays to some of the 
objects observed from a will make a good cut with those already plotted, the 
vessel anchors again at the second station of the traverse, b, and bearing and 
angles are measured as before. The station b must now be plotted. The 
distance a-b may be measured by taut wire, or less accurately by log. The 
position of b can therefore be plotted and the accuracy of the plot should be 
checked by the cut-offs on a-6 of rays to any of the objects which were fixed 
by bearing and range-finder distance from a. If the ship remains at a and 
a boat is sent to carry out the survey, the distance a-b may be measured 
by means of a masthead angle and checked as before by cut-offs from objects 
previously fixed. Several objects should now have two rays plotted to them. 
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i.e., those from a and b, and may be regarded as provisionally fixed. The 
vessel then proceeds to a third station, c, situated on a line of known bearing 
from b, and the position of c can be plotted by the rays to the provisionally 
fixed objects. Assuming satisfactory resection at c is secured, the positions 
of those objects can be accepted. The work is carried forward in a similar way 
to the next and subsequent stations of the traverse and the various objects, 
which have been fixed, will provide a rudimentary form of triangulation and 
the points may be used for the purpose of station pointer fixes to enable 
additional detail to be plotted. It is clear that at all stages, and particularly 
in the early part of the work, great care is necessary in plotting to prevent the 
accumulation of error. 

Radar. —It is obvious that radar can be of great assistance in a sketch 
survey. Its function in the surve 5 nng operations is precisely the same as that 
of an optical range-finder, but its accuracy, long range and speed of working 
make it infinitely preferable to the optical instrument. 

Air Photographs.—Much, time will be saved (which can be utilised for taking 
more soundings) if air photographs of the area can be obtained ; at their worst 
they can be of use for the discovery of shoals and the insertion of coastal 
detail, while at their best they can furnish all the land detail, including a 
graphical triangulation. Vide Chapter XIV. 

Example of Sketch Surveying.— A sketch survey is required of the anchorage 
lettered " x ” in Fig. 207. 



The figure is a reproduction of a small portion of a published chart and it is 
clear that the detail is very scanty and probably inaccurate so that none of it 
can be accepted as a basis for making a new survey. The ship therefore anchors 
tc the south-eastward of the charted anchorage and the procedure is illustrated 
in Fig. 208, where the po.sitions " X ” and a correspond approximately to the 
points so marked in Fig. 207. 

A scale of I inch to a nautical mile is selected as being suitable and the 
position, a, is marked near the south-east corner of a field board. A careful 
bearing of the islet G is observed and plotted, and from this angles are measured 
to the summits B, C, D, E and K, and also to the islet A. Range-finder distances 
are obtained to A and B and these are plotted on the board. At this and all 
subsequent stations, tangents are observed and plotted to all points of land, 
rays to any easily-recognisable objects on the coastline, and vertical sextant 
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A boat leaves the ship and, sounding as she goes, runs a transit on G, until, 
arriving at b, she anchors. Here a masthead angle to the ship is observed so 
that the distance a-b is found and 6 can be pricked through on the line a-G. 
Bearings or angles to A and B are then observed and, when plotted, should 
resect exactly at b, thereby confirming the correctness of the length a-b and 
the accuracy of the positions A and B. Other rays from b may then be plotted 
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and provisional positions will be obtained for C and E. Continuing to the 
third station c the boat anchors again on the line a-G and fixes by resection 
from E, A and C. Similarly at d, where the boat fixes by resection from D, G 
and E. It is decided to land at G and angles are observed to the various points 
shown in the figure, the position being fixed by resection from E, a, C and D. 

Leaving G, the boat selects a new transit on the islet M which has been 
observed from G and the next station is made at e which is fixed by resection 
from G and E. The height of D has been calculated from vertical sextant 
angles at a, b, c and d and a check on the position of e is afforded by a vertical 
angle to D from that point. Leaving e, a stem transit on the conspicuous tree 
H is mn and the stations/ and g are occupied and fixed by resection as before. 

The points A, B, C, etc., will now form a framework providing station 
pointer fixes over most of the area and the detail can be supplemented by 
coasting along the shore and round the islands, shooting up the smaller pro¬ 
montories and drawing in the coastline. Soundings are taken on passage from 
one station to the next and a few zig-zag lines may be mn to fill in the 
spaces. 

Survey of a River. 

River surveys are often required in addition to hydrographic work in open 
waters, and the methods employed must be varied to suit the character and 
importance of the waterway. In those parts of a river which are capable of 
being used by ocean-going vessels, nothing less than a detailed survey, based 
on a regular triangulation or an accurate traverse, will fulfil requirements. 
Where the river is broad, there is usually no great difficulty in providing 
sufficient trigonometrical points on the banks to form a series of well-condi¬ 
tioned figures by which the triangulation may be carried as far as necessary. 
The same also applies in narrower waters if a few points well back from the 
banks can be seen from the river and incorporated in the triangulation, but, 
when the river is shut in by trees and houses on both banks so that nothing 
can be seen beyond them, the surveyor is generally presented with an awkward 
problem. This is particularly the case in rivers fringed by mangroves since 
most, if not all, angles will have to be observed with a sextant and with short 
rays it will be difficult to prevent error accumulating. 

When a navigable river is only a hundred yards or so in breadth and is shut 
in by trees, etc., it is hardly feasible to carry a regular triangulation, consisting, 
say, of a series of quadrilaterals, throughout its length since the figures, to be 
reasonably well-conditioned, would have to be absurdly small, especially at 
any marked bends. In practice, therefore, extension by single triangles must 
often be used in conjunction with traverse methods if the latter can be applied. 

Example of a Survey of a River (see Fig. 209) ; 

A and B are two fixed trigonometrical points at the mouth of a narrow 
river and a, b, c, etc. are a series of marks on the banks by which the triangu¬ 
lation is extended up the river. The fast figure ABab is a quadrilateral in 
which all the angles have be^n observed, but thereafter the extension is carried 
on by means of single triangles abc, bed, etc., and it is sometimes necessary to 
work back a short distance before the triangulation can be carried forward. 
For instance, having arrived at the triangle fgh and the side gh, a mark at j is 
fixed by the triangle ghj so that the triangulation may be carried up-river 
round the bend. When the river narrows down to 150 yards or less, it ydll 
probably be more practicable to work ahead by traverse rather than by triangu¬ 
lation, distances being measured by sextant and 10-foot pole or tachymetry 
(vide Chapter VI). 

In a triangulation or traverse under these conditions some error is bound to 
accumulate, but with care it should be possible to prevent it exceeding plottable 
dimensions by one or more of the following means : 
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(1) All triangles should be " closed ” by the observation of all three angles. 

If a sextant is being used and the sides are only a few hundred yards 
in length, closing errors of 2' or 3' must be anticipated. 

(2) Co-ordinates of the marks should be calculated and used for plotting. 

(3) If possible, the secondary triangulation up the river should be closed 

onto a point, e.g., a hill summit, fixed in the main triangulation scheme. 
When this can be done, the accumulation of any large errors will be 
avoided. 

(4) In straight reaches of the river, crossing rays, such as B; and jl in Fig. 

209, should be observed. When plotted, they will give a useful check 
on errors of direction. 



If a minor triangulation of this type can be “ closed " onto a previously fixed 
terminal point, it is probable that some appreciable error will be found to have 
accumulated and the differences of co-ordinates between the initial and terminal 
points, as calculated through the minor triangulation system, will not quite 
agree with the accepted values. They must be made to do so, and this will 
necessitate an adjustment to the positions of the various intermediate points. 
Elaborate method of distributing the errors are not usually required and the 
simplest way of doing this is to regard the minor triangulation as a form of 
traverse between the points already fixed. 

Supposing in the example shown in Fig. 209 the terminal station «is a point 
which has been previously fixed relative to A and B : the differences of the 
co-ordinates of A and n' are therefore known. The minor triangulation system 
may be considered as a traverse in which the legs are A-a, a-6, b-c, etc., and 
the co-ordinates of a, b, c, etc. can be adjusted by the methods given in Chapter 
VI, pages 145-6. If the corrected sides and angles are required, they may be 
calculated from the adjusted co-ordinates. 
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Rivers, which are only navigable by small craft, do not usually justify any¬ 
thing in the nature of a regular triangulation and a running survey by one or 
more motor-boats will fulfil requirements. The normal method of doing this 
is as follows: 

The boat starts from a position near the river entrance where a good fix can be 
obtained and proceeds up the middle of the river, sounding on passage. A patent 
log is fitted aft, and distance run at any time is read off, due allowance being 
made for any known current. Preferably the boat should anchor occasionally 
and obtain readings with a current log so that the proper corrections can 
be applied to the log distances. Courses steered are taken from the boat’s 
compass and the times of all alterations of course are noted, as well as the log 
readings. Observations from the boat are made with a prismatic compass to 
conspicuous objects, tributary entrances, etc., and a small range-finder may be 
used for measuring the breadth of the river. A complete record of times, 
alterations of course, soundings, log readings, etc., must be kept and all obser¬ 
vations should be plotted as the boat proceeds. Where elevated points are 
seen near the river banks, it may be advisable to land and see if a fix can be 
obtained by sextant angles to points already fixed on the coast and to shoot 
in bends and reaches which are in view. 

If possible, a good fix at the farthest point up river should be obtained and 
the intervening work can then be squared in to agree with this position. Errors 
are likely to accumulate chiefly when rounding bends and efforts should be 
directed to making sharp and definite alterations of course at these points in 
preference to gradual turns which cannot be exactly plotted. On the return 
passage additional detail may be added and courses and distances should again 
be noted so that the earlier work can be checked and adjusted. Should it be 
impossible to connect with the main triangulation when the survey has been 
carried 20 miles or more up a river, astronomical observations at the farthest 
point may afford the best form of control over the intervening work. As with 
sketch surveys, air photographs, if obtainable, will be of the greatest value. 


Searching for Reported Dangers. 

Searches for reported dangers (sometimes called “ vigias ”) must often be 
carried out by surveying vessels and may occupy a considerable time. 
Experience shows that many reports are based on erroneous observations or 
deductions. For example, the lead has not struck bottom when it appears or 
was supposed to have done so ; discoloured water has been assumed to indicate 
a shoal whereas it is actually occasioned by a concentration of small organic 
or inorganic matter ; and floating ice covered with detritus has been mistaken 
for an island. Nevertheless, it is often very dif&cult to disprove the existence 
of a reported danger and the only effective method is to examine the area by 
systematic sounding or sweeping. In the vicinity of reefs and shoals strong 
currents are not uncommon and reported positions may in consequence be 
some miles in error. The area over which the search is made must therefore be 
large in almost all cases, an ample margin being allowed for this uncertainty. 

Searches in Shallow Water.^—^Where the general depths are less than 100 
fathoms, dangers may sometimes exist which, although of small area, rise 
almost vertically from the sea bed. In such cases no indication of their existence 
will be found unless the area is closely sounded on a fairly large scale and, to 
ensure that a thorough examination is made, a regular floating triangulation 
{vide Chapter IV) is essential. If time and circumstances permit, the area 
should also be completely swept to a depth of, say, 10 or 12 fathoms with the 
Oropesa sweep gear. The risk of the surveying ship herself striking the shoal 
must not be overlooked, and, when the report indicates with reasonable cer¬ 
tainty that the danger is such as to imperil the safety of a shallow-draught 
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vessel, it is advisable to start operations at some distance from the reported 
position, using always the inner leg of the sweep so that the ship herself never 
passes over an unswept area. For instance, suppose a critical examination of a 
report indicates that the position may. be as much as two miles in error and it 
is decided to examine an area 5 miles square centred on that position. If a 
land fix cannot be obtained, sufficient beacons are anchored outside the limits 
of the area to provide a fix at any point within it, angles are observed and the 
beacons are plotted in the ordinary' way to provide a floating triangulation. 
Starting then at, say, the north-east comer of the square with the starboard 
leg streamed, the ship steers to the south-east comer, thence to the south-west 
corner, and so on. Having completed the circuit, the second is made on a course 
laid about 1 cable inside the first, and the ship continues to work towards the 
reported position. Sounding is carried on simultaneously with the sweeping, 
and the danger, if found, should be examined by the boats. 


Searches in Deep Water. —Submarine banks rising from oceanic depths 
must necessarily stand on bases of considerable area and the approximate slope 
of the bottom, which may be expected where these exist, is shown in Fig. 210. 



Fig. 210 


It will be seen that as the depth decreases the slope rapidly .becomes steeper ; 
in less than 500 fathoms slopes up to as much as 60° have been found, but 
below 1,000 fathoms it is unlikely to exceed 15°. Taking these facts into 
consideration, therefore, it is clear that the density of soundings taken to prove 
or disprove the existence of a bank or shoal in any given area should be chiefly 
dependent on the average depths prevailing there. Assuming, for instance, 
that a bank of the form shown in Fig. 210, sloping evenly in all directions, 
rises almost to the surface from a general depth of 2,000 fathoms, it will be seen 
that soundings (or lines of sounding) spaced something less than 14 miles 
apart should give an indication of its existence. Once the indication has 
been found, the direction of the up-slope can be followed by means of additional 
soundings until the shoalest part is reached and this can be closely examined, 
if necessary, with the aid of a floating triangulation. In this connection it 
should be noted that in coral waters the edge of a bank is a very likely spot 
for the growth of a shoal, and this part must, therefore, be closely searched. 

Precise mles for the density of soundings required to search a deep water 
area effectively cannot be given but, making allowances for the fact that the 
slope of the bank may not be the same in all directions and that an indication 
of shoaling must be definite enough not to be confounded with mere unevenness 
in the bottom, the following procedure should normally be safe : 

In depths of 3,000 fms., soundings 10 miles apart. 

.. 2,000 „ „ 7 „ 

,, „ 1,500 „ „ 3J „ 

„ „ 1,000 „ „ 2 „ 

„ „ „ 500 „ „ J „ 

If a deep-water echo sounding equipment is fitted, the distances between 
adjacent lines of sounding may be slightly greater than the above. 

Although the surveyor has to rely chiefly on soundings for finding reported 
dangers, the importance of visual indications should not be forgotten. The 
edges of a bank are frequently marked by tide rips, companies of sea-birds 
may be seen following shoals of fish which are often found in such areas, and 
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the ocean swell becomes steeper and may break in depths of less than 15 fathoms. 
Again, in clear water and under favourable conditions, a bank may be visible 
at a considerable distance, especially from aloft (or from an aircraft), the water 
over it appearing a lighter green or blue .than the surrounding ocean. 

When a search is to be made for a reported danger in mid-ocean, it is usually 
best to arrive at the required position shortly after daylight so that, if possible, 
a good fix by A.M. twilight stars is obtained shortly before. A field board 
should be prepared and it is convenient to graduate it on Mercator’s projection ; 
a suitable scale for the work is about J or | inch to the mile when the general 
depths are great, but in shallower water a scale of 1/60,000 or even 1/25,000 
may be preferable. If the danger is found, a more detailed examination can 
be made on a larger scale. Having decided on the extent of the area to be 
searched and the distance apart of the soundings (if echo sounding gear can be 
used, the distance between the lines), the work is carried out in the manner 
laid down at the beginning of this chapter. Sounding may be continued 
during the night if it is anticipated that no large error in the reckoning will 
accrue, and this may be preferable to lying to near a reported reef. If a lighted 
beacon can be temporarily anchored in the area, it will be of great assistance 
whether sounding is continued or not, since it may be used as a fixed datum 
point from which to work, or the ship may lie to in its vicinity without fear of 
being carried many miles away by wind and current during the hours of darkness. 

Searches with the aid of Aircraft. —Under suitable conditions of visibility 
aircraft can be of the greatest assistance when large areas are being searched 
for reported dangers. 

Such a search, carried out in a large area of deep water in which many 
" P.D.” and " E.D. ” shoals existed, may be described briefly. Three ships 
assisted by two aircraft working from a shore base were employed. The ships 
anchored (or, when the water was too deep, hove to near a beacon) in pre¬ 
arranged positions, usually in line and about 30 miles apart (see Fig. 211), fixing 



themselves by star sights. The aircraft flights were planned on the assumption 
that any shoal, close enough to the surface to be dangerous, could be seen by the 
observers at a minimum distance of 10 miles (this proved to be a gross under¬ 
estimate). The aircraft started their runs about 15 miles from the end ship 
and, navigating independently, flew parallel courses about 5 miles on either 
side of the centre line of the anchored ships. About 15 miles beyond the 






















405 


Chap. XVII 

third ship each aircraft turned outwards for 10 miles and returned on parallel 
courses. During their flight they fixed themselves by bearings of the anchored 
ships (who made smoke to assist recognition) and of previously fixed shoals ; 
they were also fixed independently, at frequent intervals, by the ships while 
they were in sight {i.e., usually when within 20 miles). On completion of the 
runs, the aircraft reported any shoal or suspicious discoloration of the water 
they sighted, and supplied copies of their logs to the controlling ship, and 
then returned to their base. 

The tracks of the aircraft were plotted in the controlling ship from their own 
logs combined with the bearings of them taken by the ^ips, and thus, com¬ 
paratively accurate positions of all reported shoals were determined. The 
ships then moved 40 miles at right angles to their line and anchored ready for 
the next flight. Reported shoals were examined and fixed astronomically, by 
the methods previously described, and lines of sounding were run by the ships 
while on their way to their new stations. As a further check on positions, taut 
wire distances between certain shoals were run as opportunity occurred. 

The search described above was made before the days of deep-sea echo 
sounding or radar, and the aircraft were not fitted with surveying cameras nor 
had they the efficient forms of radio communication carried by modem aircraft. 
The description should sufiice, however, to show the endless possibihties of such 
an operation now these modem aids are available and also the very careful 
organisation necessary for its conduct. 

Searches by ships sounding in formation. —Successful searches have been 
carried out recently by two or more ships sounding in formation. The ships in 
line abreast kept station by radar 5 miles (or some convenient distance) apart 
and sounded day and night. Positions were determined astronomically and, 
when possible, by bearing and distance (radar or visual) from previously fixed 
" datum ” beacons. Using this method an area, 200 by 100 miles, has been 
sounded out, on a scale of 1 : 150,000, in three weeks. 

Use of Dry Proofs. 

The surveyor sometimes has to re-examine an area shown on a published 
chart and, if the scale of that chart is suitable, it is often unjustifiable to spend 
time in making a regular triangulation such as that needed in a new survey. 

The process of printing (from an engraved plate) the charts supplied for 
ordinary navigational purposes involves damping the paper and some <hstortion 
results on the sheet drying. In consequence angles and distances taken off the 
published chart will rarely be found to agree precisely with their observed 
values, especially if the sheet is large. For this reason, a “ dry proof,” i.e., an 
impression pulled onto a dry sheet of paper, is supphed for the surveyor’s use. 
The impression is fainter than a damp-pulled copy and unsuitable for ordinary 
use, but it should be an exact facsimile of the plate and thus free from distor¬ 
tion. Soundings and other detail appearing on that part of the dry proof 
which is to be re-surveyed can be stopped out so that the new work can be 
placed directly on the chart. 

When a dry proof is provided for a survey, it is first necessary to pick out 
on the sheet a number of well-defined objects which will serve as marks for 
fixing the new detail, e.g., lighthouses, beacons, church spires, windmills, etc. 
On arrival at the scene of operations, as many as possible of these objects must 
be identified on the ground. Some will jjerhaps have disappeared, others may 
be hidden from seaward and, in the case of the remainder, it is essential to make 
sure that they are correctly identified and charted. This can usually be done 
well enough by heaving to or anchoring off shore and observing angles or bear¬ 
ings to all selected marks which are visible. If the rays are then plotted on a 
piece of tracing paper, it should be possible to place the tracing on the dry 
proof in such a position that they all intersect the charted positions. If any 
throw off, mistakes of observation or identification must be assumed. Sometimes, 
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where few objects can be identified, it is necessary to send observers to 
one or more of them whence angles can be observed between other visible 
marks and checked with the corresponding angles measured on the dry proof. 

In the ideal case, enough suitably-disposed marks can be identified to provide 
a station pointer fix anywhere in the area to be re-surveyed. The work could 
be plotted directly on the dry proof, but it is more convenient to prick the 
points through onto a field board and use the latter. When the survey is 
completed, the work can be transferred from the board to the dry proof by 
means of a tracing. 

More often, however, it will be necessary to supplement the identified points 
with other marks which will help to provide a fix in the area to be re-surveyed, 
and various cases will now be considered. 

(1) When one point only can be identified with certainty, the surveyor must : 

(a) Measure a base. 

{b) Provide some form of triangulation framework in which the 
identified point is included as one of the stations. 

(c) Observe a true bearing of one of the sides of the triangulation. The 
geographical position used in computing the true bearing should 
be derived from that of the identified point, the latitude and 
longitude of which is taken from the graduation of the proof. 

The method employed for the base measurement and the scheme of triangu¬ 
lation must depend on the character and extent of the survey. In nearly all 
cases when a dry proof is supplied for the work the area involved is small, 
so very exact and laborious methods serve no useful purpose. A base measured 
by masthead angle or by taut wire between anchored beacons will generally 
fulfil requirements and a few natural or artificial marks on the land and (or) 
beacons will suffice for a triangulation in which most of the angles can be 
measured with a sextant. The triangulation framework should be plotted 
on a plotting sheet or a field board by means of co-ordinates or from a " long 
side ” and a true meridian through the identified point must be drawn on the 
plot and on the dry proof, thus enabling a tracing of the new work to be correctly 
fitted on. The scale of the plot must & that of the dry proof, i.e. the “ natural 
scale ” given in the title, or that measured off the graduation if no natural 
scale is stated. 

(2) When two points only can be identified with certainty, they will provide 
a side from which a simple form of triangulation may be extended. They should 
if possible be occupied in order that rays may be observed to such other shore 
marks or beacons as are necessary to provide station pointer fixes in the area 
to be surveyed ; additional marks can be shot up from ship and boat stations 
fixed by angles to these points. If the two identified points are well separated, 
the side joining them may be used as a “ long side ” in the plot and computa¬ 
tion is reduced to a minimum. If they are too close together to serve in this 
way, the side joining them must regarded as a “ Base ” and the other sides of 
the triangulation must be computed in order that an accurate plot may be made. 
In this case the length of the base is accepted from a measurement of the dry 
proof. Example : 

A re-survey on a dry proof is required of the area shown in Fig. 212. Two 
points, A and B, seen on the larger island are identified on the chy proof and 
an intermediate mark, C, is erected. The summit of the small island, D, is a 
well-defined point and angles are observed to it from A, B and C. The points 
A and B are pricked through onto a field board and D is plotted, using the 
observed angles ABD and BAD. The mark C is then plotted from A, B and 
D, the angles at the latter being inferred, and A, B and C will provide a fix in 
the outer part of the survey area. For the inshore work the marks a, b and c 
are erected and are fixed by rays from ship stations dependent on ancles to 
A, Band C. 
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(3) When several points can be identified with certainty but are not suitably 
disposed to afford station-pointer fixes in all parts of the area to be surveyed, 
it is only necessary to supplement them sufBciently to make good this defect. 
Additional marks, consisting of natural or artificial objects on land and anchored 
beacons at sea, may be fixed by intersection or resection from the identified 
points or may be shot up from ship and boat stations. Plotting can con¬ 
veniently be done on a Whatman or field board onto which the identified 
points are pricked through/ 

When a dry proof is provided for the survey, the new work is normally inked 
in on the sheet, an area having been stopped out to enable this to be done. 
The surface of a dry proof, however, is not very suitable for fine pen work and 
it is often preferable to make a tracing (paper, not cloth) of the new work 
when it is to be forwarded into office. In this case it is, of course, essential to 
include on the tracing enough old detail from the dry proof to enable the former 
to be accurately fitted on to the latter. 

When no dry proof is available for a re-survey, it is sometimes necessary to 
use a navigational chart instead. The procedure is the same as that described 
above, but, owing to a chart’s liability to distortion, variations in scale must 
be anticipated, particularly if the proof is from a copperplate, and the 
surveyor must be prepared to accept minor discrepancies. 

The method used for printing any chart may be discovered by examination 
of the letter or letters just inside the extreme south-east comer of the sheet, 
C indicating a print from the copper, Z or S (sometimes followed by small 
letters) from zinc or stone, etc. 

Correction of published charts. 

In the first instance, charts are compiled chiefly from regular surveys and 
data for major amendments and additions is furnished from the same source. 
Nevertheless they can only be kept up to date by incorporating on them 
information received from mariners and others who, at various times, have 
opportunities of verifying the accuracy and completeness of the detail por¬ 
trayed. In addition, therefore, to the normal programme of work the surveyor 
should be prepared to gather material for the correction of charts and nautical 
publications whilst on passage and at other times, since the special equipment 
of instruments carried in a surveying ship allows more accurate observation 
(and consequently more valuable results) than those obtainable in other vessels. 

Matter for the correction of published charts must be transmitted in such 
form that the fullest possible use can be made of the observations, and it is 
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essential that sufficient data should be given to enable the new material to be 
plotted in its correct position relative to other charted features. If the informa¬ 
tion refers to a place out of sight of land, a position by latitude and longitude 
must be given, with a statement of the astronomical observations, radio 
bearings or other methods which were used to determine that position. In all 
other cases a position should be defined by reference to clearly-marked and 
identifiable land objects already shown on the published chart and the method 
of fixing must be fully stated. When suitable objects on the land are available 
for a station pointer fix, sextant angles should be used for fixing and for record¬ 
ing a position, but, as a safeguard against clerical and other errors, the true 
bearing of one, at least, of the objects used should also be observed and recorded. 
If a position is defined by bearings and distances, they should be measured, 
when possible, from two or more charted objects on the land. 

Information for the correction of published charts is normally forwarded 
into office on a Hydrographic Note (form' H.395) and this should be accom¬ 
panied by a tracing (paper) unless it refers only to alterations in the charac¬ 
teristics of a light or the non-existence of a charted object. The tracing must 
show sufficient of the old material appearing on the chart to enable it to be 
fitted on accurately. 

The procedure required in work of this description must be varied so widely 
in different circumstances that rules, to meet all cases, cannot be laid down. 
Often the principal difficulty is that of determining which objects are correctly 
shown on the chart, and can be used to give a reliable fix from which the new 
detail can be plotted, and which are not. This is particularly the case with 
some of the older charts which were based largely on running surveys. Good 
judgment is necessary in selecting for the fix those objects which appear to 
be correctly charted and are identified with certainty, but in cases of doubt it is 
a good rule to plot all the observations taken at any position on a piece of 
tracing paper. When this is placed over the chart, a position by re-section 
ran be accepted where it is found that the majority of the rays intersect the 
charted positions of the observed points. Station pointer fixes should be 
obtained where possible, but more often the position will have to depend on 
compass bearings, a bearing and a vertical angle, or other methods ordinarily 
used in navigation. 

2V(,<e._Xonsiderable caution is necessary if tangents of the land are used 
since the charted tangent may be below the horizon and the observed bearing 
or angle will consequently be inconect. 

When a satisfactory fix has been obtained, as much as possible of the detail 
appearing on the chart should be shot up from this position by means of angles 
and bearings ; and relevant matter in the Admiralty Pilots should be checked 
by personal observation. Information obtained by hearsay is often unreliable 
and is of little value for the correction of charts. 
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CHAPTER XVIII 
THE FAIR CHART 

The work in the field is plotted on field boards or Whatman boards from 
which tracings are made (pages 185-7). In the case of a very small su^ey where 
the detail is contained in an area represented by a few square inches only on the 
paper, a tracing is often a sufficiently permanent record. In all other cases the 
deffiil is transferred from the tracings and redrawn on good quahty hnen-backed 
paper and this forms the permanent record of the survey and is called the 
“ Fair Chart.” Suitable paper for this purpose consists of sh^ts measunng 
53 bv 31 ins known as " Antiquarian,” and sheets measurmg 40 by 26f m^, 
knoira as “ Double Elephant ” ; if an Antiquarian sheet is not big enough, 
paper of the necessary size may be cut off a continuous roll, measurmg 6 ft. 
by 6 yds. 

Importance of Neatness and Accuracy.— The fair chart is a pe^anent record, 
is the basis from which the navigational charts are produced md becomes 
a document of historical interest. No pains, therefore should be spared to 
ensure that all the detail shown on it is accurate, clear and legible. The highe^ 
standard of draughtsmanship is the gift of a few only, but, 
of care and patience almost anyone can produce creffitable results in which 
at least the essential features of accuracy and legibility are retained. Some 
draughtsmen are able to work quickly and natmaUy whilst others find any 
form of drawing a slow and labonous process, but none can do ^tisfactory 
work if they are hurried. Ample time should therefore be allocated for dra^g 
fair charts^ and the comfort of the draughtsman m the matter of suitable 
drawing tables and other necessary equipment should be studied. 

care^ould*be taken to pre^rve it in good condition. The drier the pa^, 
the easier it is to work on, particularly when colour washes are about to be 
applied. The sheet should always be covered when not m use and in humid 
climates it may be found advisable to run over the surface with a hot iro^^ a 
piece of thin paper being placed between the iron and the sheet, t^efore work is 
first started. The use of india-rubber or any erasmg agent destroys the surface 
of the paper and for this reason every effort should be made to 
in the pen-work ; pencil lines should be as hght as possible m that they may 
VreJoved by the gentle application of a soft rubber. Whi^^st the dr^g is 
in progress, it is almost inevitable that the paper becomes shghtly soiled, but 
there is no reason for any excessive amount of dirt to accumulate if care is taken 
and the sheet is always kept covered except over the small area on which 
work is actually being done at any time. 

The use of a pricker or beam compass for drawing lines on the fak sheet 
should be avoided altogether, since the surface wiU be damag^ and the mk 
will “ run ” in the scratches where the penwork passes over them. For tins 
reason most, if not all, the graduation should be done on the P^J^tmg sh^t 
(see page 179) except, perhaps, the final subdivision, and transfeired to the 
fair sheet by means of the pricking-through tracmg, as descril^d overleafi 
If care is exercised the final subdivision can be done with chord dividers 
without damaging the surface. . j- • 

With careful treatment mounted paper should suffer very little distortion. 
It is best kept flat during the whole time that drawing is m progr^, 
and, if it has to be moved, it should not be tightly rolled. Normally a soft 
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rubber only should be used for cleaning the surface, but, when the drawing is 
complete, a final clean-up with bread-crumbs improves the appearance of the 
sheet. It is a good rule to keep water, inks and mixed-up paints on a side table. 

Paints, Brushes and Inks.—It is customaiy to wash over the land area and 
certain other portions of a fair chart with light washes of water-colour paints. 
The approximate amount of paint required to cover any particular area should 
be estimated and at least twice this amoimt should be mixed up ready for use 
before operations are started. Some paints dissolve less readily than others, 
cobalt blue, for example, being notoriously bad. The mixed paint can be 
placed in a glass bottle, kept corked up until required for use ; this will ensure 
that, when required later, it will be of the right consistency. If the paint is 
too sedimentary, it should be strained through fine clean linen ; the addition 
of ox gall, which acts as a lubricant, makes the application of a wash very 
much easier. The paint should be well stirred before and during use to ensure 
that an even consistency is maintained. 



Fig. 213 


Sable hair brushes should be used in preference to camel hair or other varieties 
as they hold the paint better and retain their shape better when charged. For 
washes a large brush should be used, never a smaller size than " Goose Quill ” 
or roughly as shown in Fig. 213. 

All penwork on the fair chart should be done with the best waterproof ink 
obtainable. Black Indian ink of good quality is quite waterproof and con¬ 
sequently is not affected by colour washes, but other coloured inks are not 
fully waterproof and they should therefore be used, if possible, after the colour 
washes have been put on and have dried. Chinese, or stick ink, is not water¬ 
proof and should not be used. Some of the coloured inks, e.g., yellow, are 
unsuitable for chart work and, it is often better to use a strong watercolour 
solution. 

Procedure in drawing a Fair Chart.—A sheet of paper of the required size, 
with an ample margin, should be cut off and laid out to flatten under weights 
several days before any work is placed on it. If the surface appears to be damp 
or hairy, application of a hot iron may improve it. In estimating the area of 
paper required, it must not be forgotten that in addition to the detail of the 
survey, room within the borders of the graduation must be left for a title, 
memoir and scales. 

At this stage the position should be as follows : On the plotting sheet there 
should be shown the positions of all main and secondary stations, sounding 
marks, fitting-on points for the fair tracings, beacons, the sheet corners and a 
skeleton subdivision of the graduation. On the fair coastline tracings and the 
fair sounding tracings there should be shown the fitting-on points and all the 
detail of the survey. 

The next step is to make a pricking-through tra'ing (paper, not cloth) ; 
this is carefully flattened down on the plotting sheet and all the points shown 
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on the latter are pricked through and circled in ink. The tracing is then put 
over the blank sheet of paper which will be the fair chart, and the points are 
pricked through onto it; for the time being selected positions should be very 
lightly marked in pencil only. Some of them will eventually be circled in 
coloured ink, but this should not be done until after the colour washes have 
been applied. 

If preferred, the points may be pricked through direct from the plotting 
sheet laid over the blank sheet, but great care must be taken to keep the 
pricker upright. 

For transferring the work from the fair tracings to the fair chart transfer paper 
is necessary ; this can be made by rubbing red or blue chalk or graphite on to a 
sheet of thin paper, but the manufactured article is preferable. 

The high water line, shown on the fair tracings by a continuous black line 
(except on a mangrove shore), is first transferred to the fair chart. Each 
coastline tracing in turn is carefully fitted on by its fitting-on points and, a 
piece of transfer paper being inserted beneath it, the point of a hard and well- 
sharpened pencil is run along the high water line and the trace recorded on the 
fair sheet. This should be inked in at once. The low water line and the one, 
three and six fathom lines, which are limiting lines for colour washes on the sea, 
should now be transferred from the sounding tracings in a similar manner, but 
for the moment they should only be marked on the fair sheet in very light pencU. 
Subsequently they are inked in in red, but the colour is liable to run if this is 
done before the colour washes are put on. 

Application of Colour Washes.—^The sheet is now ready for the application 
of colour washes and this is a process which calls for considerable skill. Colour 
washes greatly enhance the appearance of a chart and render certain features 
more distinguishable, but they have the drawback of being liable to cause 
considerable distortion of the paper unless great care is taken. For this reason 
very large areas of paper should not be washed overall; in such cases a wash 
round the limits of the area, its border softened towards the centre, is prefer¬ 
able. Heavy washes must be avoided as they obscure the detail and it is always 
better to err on the side of lightness since too pale a wash can always be recoated 
if necessary and darkened to a suitable tint, whereas too heavy a wash tends 
to become opaque and cannot be satisfactorily lightened. 

The land area is tinted with a pale wash of burnt sienna if it is in general of 
barren or desert character, but areas of cultivation or land of generally culti¬ 
vated character, trees, etc., are tinted with Hooker’s green. No. 2. The extent 
of the land area to be tinted must be decided before the wash is applied ; exact 
limits inland are usually unnecessary but the colour border should be softened 
down to form a fairly even boundary and blank spaces must be left for the 
title and memoir, if they are to be inserted on that part of the chart. The area 
between the low water line and the 1-fathom line is tinted with a dark wash 
of cobalt blue, between the 1-fathom and 3-fathom lines with a lighter wash 
of the same colour, and a ribbon of dark blue follows the 6-fathom line, 
its border softened towards the shallower water. 

The paper should be bone dry and scrupulously clean before the washes are 
applied and in this connection it must be remembered that it is almost impossible 
to remove pencil marks, etc., once they have been washed over. If it can be 
arranged, it is preferable to apply the wash on a rainy day as the paint does 
not dry so quickly; in very dry weather a little gin added to the water will 
retard the drying process. 

The brush should be thoroughly wetted and charged with colour. The wash 
should then be laid on in the required area, starting from the top and left side 
of the paper and working evenly downwards to the bottom and right with 
as few brush strokes as possible. Before recharging the brush sufficient liquid 
should be left on the paper to unite with the fresh colour with an equal 
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consistency. A well of colour should be dispersed as soon as possible, otherwise 
the edges will dry and leave an irregular line of darker colour. 

If a side of the area to be coloured has to have a softened border, a “ white 
line ” about ^ in. wide should first be made with clear water. Before the 
water has time to dry the wash should be laid on and merged into the “ white 
line ’’ with a broad brush, wetted but with the water shaken out. Speed is 
essential in this process and, if large areas are to be coloured, it is advisable 
to employ an assistant to keep the paint stirred and to merge the wash into the 
“ white line.” If small patches in a large area are left out in the process of 
applying the wash, no attempt should be made to fill them in at once, but the 
wash should be continued over the main body of the area as rapidly as possible 
the quicker the work the more evenly will the colour lie. Any necessary fillings 
should be done afterwards with a fine brush when the paper is dry, the edges 
being softened with another brush. 

If the wash, when put on the paper, has a blotchy appearance, no attempt 
should be made to rectify this whilst the colour is still wet. When it is bone 
dry, the uneven area can be sponged lightly with a soft Turkey sponge which 
should be rinsed out in a bowl of clean water after each stroke. This treatment 
needs care in order not to disturb the surface of the paper. If drastic sponging 
is needed the paper should be allowed to dry between spongings. If a further 
application of coloiur is required, the paper should always be allowed to dry first. 

The whole of the area between the 3-fathom and H.W. lines should be 
colour-washed at the same time with light cobalt blue; when dry, the area 
within the 1-fathom line should be re-done with wash of the same strength. 

Soundings and Topography.—After the colour washes have dried the soundings 
and other features may be transferred from the respective tracings. The 
outline of all the topographical detail, e.g., hill contours, buildings, roads, etc., 
is traced through from the coastline tracings with a hard pencil and the position 
of every sounding is " dotted ” through so that it can be inked in in its correct 
place. In representing topographical and other features, use is made of many 
of the conventional signs and abbreviations, which are given on Admiralty 
Chart No. 5011. The soundings are the most important detail appearing on 
the fair chart and every one of them must be clear and le^ble. All soundings 
should be written horizontally in sloping figures at a uniform slope of about 
15°. If preferred, upright figures may be used but, for the effect to be good, 
the draughtsmanship must above the average. It is a help if light pencil 
lines, horizontal and at the uniform slope (or vertical) are drawn to guide the 

. . ... 

Normally all soundings should be written the same size, but it is permissible 
to reduce them a little over shoal areas where it may be desirable to show an 
extra large number, but they must never be so congested as to impair their 
legibility. Black Indian ink is normally used for aU soundings, but if for any 
reason it is desired to differentiate between “ lead line ” and “ echo ” soundings, 
the colour burnt sienna may be used for the latter and a note regarding its 
use inserted on the fair chart. Soundings on Admiralty charts are inserted in 
fathoms and feet below 11 fathoms and in fathoms only at greater depths. 
Abbreviations indicating the quality of the bottom should be freely inter¬ 
spersed amongst the soundings. Drying heights are always shown in feet. 

Great care must be taken that small rocks are shown distinctly ; those which 
do not cover at high water should have their heights marked against them; 
those which cover and uncover periodically should be marked as drying so-many- 
feet, whilst those which are awash or have less than a fathom over them at 
low water should be shown by the conventional symbols. 

Ciolours used on Fair Charts.—The colours to be used in the representation of 
topographical detail and other features and s5mibols on the fair chart are set 
out in the following table. 
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Objects to be 
represented. 

Colours to be 

Remarks as to 
application of colour. 

Arbitrary or assumed 

Prussian green .. 

For connecting overlapping sheets ; circles 
0-2 in. diameter. 

Breakers 

Red 


Bridges, stone or iron .. 

Red 


Bridges, wood . . 

Black .. 



Red 


Coral (drying reefs) 

Light red, burnt 

Burnt sienna pale wash, burnt sienna and 
light red penwork for shading. 

Cultivation 

Prussian and 

Hooker’s green. 
No. 2 

Hooker’s green pale wash, prussian green 
for penwork. 

Dredged area .. 

Neutral tint or 
Payne’s grey 

Very pale wash, breaking blue water tint 
if necessary. Limits of area shown with 
red pecked line. 


Red 


Fathom lines . . 

Red 

Continuous firm line for 1, 3 and 6 fathom 
lines ; above these the recognised symbols. 
Red circles of 0-1 in. diam. Very small 

Fixed marks used during 

Red .. J 

black circles also used when the fixed 



marks are spires, beacons, etc. 

Floating beacons 

Blue 

Circles of 0-2 diam., with anchor or anchors 
added. (Triangle enclosed when appro¬ 
priate, see " Triangulation Stations.") 

Fishing stakes .. 

Red 

— 


Prussian green .. 


Graticule intersections.. 

Brown .. 

Circles of 0-1 in. diameter with lines O-l 
in. from circumference in a N. S. E. and 
W. direction. 

Gravel. 


See “ Stones.” 

Heights above H.W. .. 

Red 

Upright figures, no brackets. 

Heights above L.W. 

Black .. 

Upright or sloping figures, underlined in 
black. 

H.W. line 

Black .. 

Continuous firm line. 

Hill contours 

Grey, neutral or 
black 

Can be shaded by horizontal shading the 
same colour but much lighter; or stippled 
with light washes. 

Hill summits 

Red 

A dot large enough to be distinguishable. 

Houses and buildings .. 

Red 

Pale red wash shaded with dark red ; 
small isolated buildings dark red only. 

Kelp . 

Indian yeUow .. 

— 


Prussian blue 

Pale wash, black outline. 

Land tint 

Burnt sienna. 
Hooker’s green. 
No. 2 

Very pale washes only. 

I-eading lines, etc. 

Red 

Firm, continuous line as far as it is to be 
used, but dotted where prolonged to the 

Letters for triangu¬ 
lation stations 

Red or blue 

Red for shore stations, blue for floating 
stations. 

Limits of dredged or 

Red 

Light pecked line. 

L.W. line, sand or stones. 

Red 

Continuous firm line. 

L.W. line, mud 

Black .. 

Pecked line. 

Mangroves 

Prussian green .. 

Pale washes and dark penwork ; edges of 
mangroves to be shown in black pecked 
lines. 



See " Swampy Ground.” 

Meadows 


See " Grass Land.” 

Mud (low water) 

Payne’s grey 

Regular dotting. (See also " L.W. line, 
mud.”) 

Observation spot 

Red 

Cross thus -I-. 

Piers, stone or iron 

Red 


Piers, wood 

Black .. 


Railways 

Black .. 

Continuous firm line with very short lines 
at right angles. 
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Objects to be 
represented. 

Colours to be 

Remarks as to 
application of colour. 

Reefs (drying rocky 
ledges) 

Raw sienna 

Pale wash and black penwork for shading, 
(also for rocks.) 

Rivers .. 

Indigo 

Stream by a line, where it is broader a 
double line, and may be washed with 
Prussian blue. 

Roads. 

Burnt sienna 

Pale wash and dark double lines for 
shading. 

See “ Reefs,” 

Rocks (low water) 


Sand (high water) 

Black .. 

Regular dotting. 

Sand (low water) 

Indian yellow .. 

Regular dotting. (See also “ L.W. line, 
sand.”) 

Sandhills 

Black .. 


Seaweed 

Indian yellow . . 

_ 

Shingle. 


See " Stones.” 

Soundings 

Black .. 

Sloping or upright figures. 

Stones (below H.W. line) 

Burnt sienna 

Pale washes to represent stones, etc., 
shaded with darker colour. (See also 
" L.W. line, stones.”) 

Streams .. 


See " Rivers.” 

Swampy ground 

Prussian blue 


Summits 

Red 

See " Hill summits.” 

Swept areas 


See “ Dredged Areas.” 

Tidal stream reference .. 

Red 

Diamond-shaped symbol with distinguish¬ 
ing letter. 

Tide rips 

Red 


Tracks over bars, etc. .. 

Red 

Pecked lines, when the tracks have been 

Trees. 

Hooker’s green, 
No. 2 

Very pale wash to represent trees, shaded 
with dark colour. 

Triangulation stations: 



Main. 

Red 

Circles of 0-2 in. diam. surrounding a 

Secondary or semigra- 

Red 

triangle. 

Circles of 0-15 in. diam. (No triangle.) 

phically co-ordinated 


Floating 

Blue 

Circles of 0-2 in. diam. with triangle, 
anchors as for " Floating Beacons ” 

True meridian . . 

Red 

_ 

Water tint 

Cobalt blue 

Dark from L.W. line to 1-fathom line, 
light between 1 and 3 fathoms ; ribbon 
of dark tint at 6-fathom line. 

Writing. 

Black .. 

All descriptive writing and names in black. 


Representation of Hills.—Heights.—The shape of hill features should be 
represented on the fair chart by means of contours or form lines. The appearance 
of the chart is rnuch improved and an impression of relief is given if some 
form of shading is used. The light is always assumed to be coming from the 
north-west and shading may be effected by thickening up the contours on the 
south-eastern sides or by applying a light wash of Payne’s grey or neutral tint 
on the slopes which would be in shadow. 

(The method and principle of drawing form lines by means of horizontal 
hachures, as shown on many of the published navigational charts, are given 
on pages 449 and 450, Plate Z.) 

Heights (in feet) should be inserted against every distinct summit and, where 
the ground level cannot be observed, the note “ Tops of Trees ” should be 
added. (See page 266.) In the case of beacons, lighthouses, chimneys, etc., the 
height given on the fair chart should be that of the top of the object above 
mean high water springs. 

Names and Styles of Lettering.—Distinct names are necessary for many of 
the features shown on a chart, e.g., villages, mountains, rivers, points, islands, 
shoals, rocks, etc., and descriptive matter is required in connection with many 
of the symbols, e.g., the colour of a buoy, characteristics of a light, etc. The 






















I 






Plate W. 

( To fcuce page 

Na mes euid Styles of Letteri ng. 

Double Stone Ornamented. 

ABCDEFGH 

Double Stone Sbeuded 

ABCDEFGHIJ 

Single Stone Shaded 

ABCDEFGHIJ 

Single Stone Open 

AIBCDIEIFSISIIIJJIK 

Roman Ornamented 

AB CDEFGHIJKLMN 

Roman Shaded 

AB CDEFGHIeJKLMN 

Roman Clarendon & Clarendon Print 

ABCDEFGHIJ KLMNOPQRSTUVWXYZ 

ab c d e f gh ijklmnopqr s tuv^xy z 

Roman Black 

ABCDEFGHIJ KLMNOPQRSTUVWXYZ 

Romem Black Sloping 

AB CDEFGHIJ KLMN OPQRS TUVWXYZ 

Roman Numerals 

I II III IV V VI VTI VIII IX X XI XII 
Egyptian Capitals 

ABCDEFGH IJ KLMNOPQRSTUVWXYZ 
ABODE EG H IJ KLMNOPQRS T U VW X Y Z 

Egyptian Print 

abcdefgh ijkimnopqrstuvwxyz 
abed e fgh ijkimnopqrstu vwxyz 
Egyptian Stump 

abode fg tvijhimrvopq r stavwxy z 
Print 

ab c def gb-i j klmnop qr s tuwrxyz 
ab o d. ePg'hijJklm.xi op qxs tvi-xrvrjcyz 
Stump 

abodefgTvtJklrrvnopqratTA.vwxyz 
Hair-line Print & Stump 
ab c defghij klmn op qr s tuvwxyz 
cub o defg botj Teiirvn.op q r s tVLvw xy z 
Numerals 

01234667894 ii OI 23456789 i 4 i 


.B.H.3386 
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writing of the names, etc., is the process of " Lettering,” and nothing more 
enhances the final appearance of the fair chart than care devoted to this work 
and adherence to a uniform system by which the various styles of lettering are 
restricted to particular purposes. 

The styles of lettering which should be used on fair charts are shown on 
Plate W and are specified below. 

Single Stone Open ; for titles of fail charts. All in capitals. 

{Note. —“ Double Stone ” and the ornamented and shaded letters shown 
on Plate W have recently been discarded, having been found unsuitable 
for photo-lithogiaphy.) 

Roman Clarendon ; for titles of tracings, when used instead of a fair chart. 
All in capitals. (“ Times Roman,” not shown on Plate W, may also be 
used for this purpose.) 

Roman Clarendon and Clarendon Print; for all conspicuous objects and lists 
of conspicuous objects. 

Roman Black ; for all principal names on land, on large scale fair charts. All 
in capitals. 

Roman Black Sloping ; for names of important seas, gulfs, bays, rivers, 
estuaries, straits, lagoons, or other parts of the sea. All in capitals. 

Egyptian Capitals; for names of important peaks, mountain ranges, etc., 
and railways on large scale charts. 

Sloping Egyptian Capitals; for names of large reefs or patches of shoal 
water on large scale charts. 

Egyptian Print; for names of mountain ranges, hills, peaks, etc., railways 
and beacons. 

Sloping Egyptian Print; for names of reefs, patches of shoal water, etc. 

Egyptian Stump ; in lieu of Egyptian print on small scale charts. 

Print ; for names on land of secondary importance, each name commencing 
with a Roman Black. 

Sloping Print ; for names on sea and rivers of secondary importance, each 
name to commence with a Roman Black Sloping. 

Stump; for all unimportant names and writing, each name commencing 
with a Roman Black Sloping. 

Hair-line Print and Stump ; for notes, descriptive words, natures of the 
bottom, minor names and all writing in connection with work of a 
sketchy or approximate character either on land or water. 

It will be observed from the above that the general principle employed in 
regard to names is that names of land features are written in upright characters, 
and names of water features are sloping. In cases of doubt the character of the 
lettering may give some indication as to which object is referred to. 

A high standard of lettering can only be attained by long and constant 
practice, but very fair results are always possible if care is taken. The pen must 
be kept free from dirt and a fine nib, such as Gillott’s crow quill, is generally 
used. Horizontal and vertical (or sloping) lines to guide the eye are practically 
essential and these should be drawn very hghtly in pencil or traced through onto 
'the fair sheet with transfer paper. 

The beginner will often find some difficulty with the dimensions and spacing 
of lettering, especially the larger ones required in the title, and the following 
hints will be found useful. 

The breadth of a letter is measured between verticals drawn through its 
extremities, i.e., through the extreme edges of the serifs (the “ caps and boots ”), 
vide Fig. 214. If the height of the lettering required be 5 units, then the breadth 
of the letters should be as follows : 
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ABCDEFGHJKL\. 

NOQRTUVXYZ f ^ 

I .. .. .. 2 units. 

MW .. .. .. 7 units. 

P . 4J units (R=P+J). 

S .. .. .. 4 units. 

Width of thick strokes, vertical and diagonal, and the thickest part of 
the curve of each letter 1 unit. 

Serifs. J unit, each side. 

Distance between words 7 units. 


The letter O should be circular outside and should be slightly larger than 
the other letters, projecting above and below the horizontal guiding lines 
about the thickness of a line. 


With " Stone ” open and shaded lettering the dimensions given refer to the 
inside letter before the enclosing margin and shading have been put in. 
" Egyptian ” lettering, having no serifs, should have the breadth of the letters 
adjusted accordingly. 

The distance between letters should normally be 2 units for “ Stone,” open 
and shaded lettering, but may be decreased for “ Roman ” and “ Egyptian.” 
Certain combinations of letters, however, can be moved closer together; no 
rule can very well be laid down for this since it is dependent upon optical 
illusion, but generally speaking it applies to letters at least one of whose strokes 
are not vertical, i.e. 

AW CO OU RV KO 






Difficulty is sometimes experienced in writing names and words in the 
water area of the chart when it has been closely sounded. Normally soundings 
should never be expunged or left out to make room for names, etc., but this 
rule may be relaxed occasionally in the case of one or two imimportant soiind- 
ings. It is clear that the writing must be so placed that there is no doubt as 
to which object it refers to, and, by following a curve instead of the horizontal 
or by spreading out or closing up the letters (without, however, making the 
spacing unequal), it is generally possible to make use of spaces between the 
soundings. In other cases the letters should be broken at the soundings in the 
manner shown in Fig. 215. 

Over the land there is generally little difficulty in writing names, descriptive 
words, etc., in such positions that they do not obscure detail of importance. 

Names adjacent to the coast should be written on a curve, the principle being 
that the name starts roughly at right angles to the coast and curves towards 
the horizontal. Correct and incorrect curvature are shown on Plates X and Y. 

Graduation, Borders and Scales.—^All fair charts are drawn on the true 
meridian, i.e., the upper and lower borders are parallels of latitude, and the 
left and right borders are meridians, and they must be graduated by the methods 
given in Chapter VIII; but, as explained on page &9, to avoid unnecessary 
scratches on the fair chart, the whole process (except, perhaps, the final sub¬ 
division of the border into decimals of a minute) should be done on the plotting 
sheet and pricked through to the fair chart with the other points of detail. 
(See page 411.) 
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Plate X 
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Plate Y 
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The limits of the sheet are represented by the inner borders of the graduation 
and these lines should be drawn as finely as possible. The east and west 
borders (the bounding meridians) can be drawn as straight lines ; but the north 
and south borders, being parallels, may be appreciably curved and, if so, must 
be represented by a series of straight lines joining subdividing points of the 
graduation, sufficient in number to prevent the parallels departing appreciably 
from the true forms of the curves. 

The styles to be used for the graduation of the borders and for the scales 
are shown on Admiralty Chart No. Misc. 19. (It should be noted that charts of 
surveys out of sight of land, when drawn on a scale of less than 2 inches to the 
sea mile (1 : 36,500) should be graduated on Mercator’s projection.) 

To nullify the effects of distortion of the paper (due to the apphcation of 
colour washes and other causes) it is essential that a close graticule should be 
given but, since a large number of parallels and meridians, if drawn from 
border to border, would confuse the detail on the fair chart, only the inter¬ 
sections should be shown (in brown). These intersections, which should be 
pricked in before any colour wash is applied, should not be more than 6 inches 
apart, north and south or east and west. 

No work (except the figures of the graduation and, possibly, the name of the 
surveyor who drew the chart) should appear outside the inner bodrer of the 
graduation. 

Natural Scale.—^The natural scale of the fair chart should be determined by 
measuring the diagonals between the comers of the graduation. The two 
measurements should agree and the scale is found by comparing them with the 
true distance calculated from differences of latitude and longitude. The scale 

is expressed in the form 25"^. io(/oOO ’ should be noted that on 

maps the .scale is usually expressed in the form 1 : 25,000, 1 :100,000, etc.) 

Title and Memoir. — The title of the fair chart should contain the following 
information : 

(1) General locality and name of the survey. 

(2) Names of the surveyors. 

(3) Name of the ship. 

(4) Date of the survey. 

(5) The geographical position of one of the main trigonometrical stations 

shown on the chart. 

(6) Unit and datum of heights. 

(7) Unit of soimdings. 

(8) Datum of soundings (full details should be given). 

(9) Natural Scale. 

(10) List of objects conspicuous to the navigator. 

[Caution. — ^This list should be kept to a minimum, bearing in 
mind that objects which are conspicuous to the surveyor, after a long 
stay in the area, are not necessarily so to a newcomer. Objects 
that are only conspicuous under certain conditions of light, or from 
one direction only, should not normally be included in this hst, nor 
should objects of an obviously impermanent nature.) 

‘ A memoir should be added to the fair chart, containing the following 
information : 

(1) How the chart was constructed, e.g. from a regular or irregular survey, 

or sketch survey ; and on what the triangulation depends, i.e. base 

measurement, ordnance survey data, etc. 

(2) References to triangulation data, cr original documents appertaining to 

the triangulation. 

(3) The calculated geographical positions of a few selected main stations, 

together with the position from which they are derived. 
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(4) References to returns, documents, etc., relating to data from which the 

geographical positions are derived. 

(5) Methods employed for plotting and graduation. 

(6) Methods by which the topography has been sketched in or, if from other 

sources, the authority in full detail. 

(7) The use made of air photographs. 

(8) A concise statement regarding tidal observations obtained, including 

positions of tide poles and duration of observations at each, and whether 

tidal constants have been computed. 

(9) A concise statement regarding tidal stream and current observations 

obtained. 

(10) A statement of the positions at which special current observations (not 

included under (9)) have been made. 

(11) Any additional remarks considered necessary, such as the general 

nature of the bottom. 

Specimen Fair Chart.—A pocket at the end of this book contains a reproduc¬ 
tion of a fair chart, consisting of a small coastal plan ; this indicates the 
appearance of a completed drawing. A reproduction of the published chart 
based on this fair chart is also included. 

Overlaps.—^The size of the plotting table and of the instruments available 
put a limit to the size of a fair chart and, as large sheets are in any case incon¬ 
venient to draw, they should not exceed 6 feet by feet. When the area of the 
survey is more than can be included on a single fair chart, the work should be 
drawn on two or more sheets, care being taken to provide satisfactory means of 
joining up the various pieces of work. Each sheet should overlap its neighbour 
and three or four points, either main trigonometrical stations or arbitrary 
positions, should be common to both sheets. In addition, the work itself, 
whether consisting of soundings or topography, should be extended on each 
sheet sufficiently far to overlap a small amount. 

If possible, the junctions between different sheets should be arranged in such 
positions that they do not come at important features of the survey, e.g., in 
the centre of a narrow channel, on a leading line, etc. 

Tracings.—^The standard of draughtsmanship required on tracings which are 
designed to take the place of fair charts is the same as that for a fair chart 
itself. Such tracings should always be made on tracing paper or Kodatrace, 
and their size should not exceed 40 inches by 27 inches, but they need not 
embrace all the points used in the survey. A title, memoir and scales should 
be included and, normally, the tracings should be graduated. If they are not 
graduated a true meridian must be drawn and data for plotting sufficient points 
should be given on the tracing (unless such data is known to be available in 
the Hydrographic Department) ; this is particularly important in the case of 
large tracings, where distortion may be expected. 

Colour washes should never be used on tracings. If it is desired to add 
colours, the tracings may be. very lightly chalked ; only the conventional colours 
given on pages 413 and 414 should Ipe used. 

If a binding machine is available, tracings should be bound with tape before 
transmission. The packing of tracings needs great care: in particular, they 
should never be rolled too tightly. 

Tracing of objects controlling the survey.—To facilitate the re-plotting of any 
portion of the survey (should this prove necessary in the Hydrographic Depart¬ 
ment), a tracing showing every fixed mark used in the survey and also the 
nicknames by which they are referred in the sounding and field books, should 
always be forwarded with the fair chart'. 
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CHAPTER XIX 

SAILING DIRECTIONS AND ADMIRALTY PILOTS 

General.—Though a good chart is the primary guide to a navigator, 
there is a large amount of matter necessary for his information that cannot 
be shown on it, and therefore detailed sailing directions should always be 
rendered with the fair chart. Notes for these should be kept during the course 
of the survey, and the directions themselves should be compiled immediately 
after the conclusion of the work in the field, when every essential point is fresh 
in the memory. 

It is impossible to write from notes, at a distance of time, so accurately or 
graphically as when those notes are assisted by a fresh recollection of events and 
places. 

While the sailing directions are. of course, written as information supplemen¬ 
tary to the fair chart of the survey they should also, if possible, be applicable 
to the existing published chart, so. should any object be referred to, which does 
not appear on the published chart, its position must be determined by a bearing 
and distance from some prominent object common to both charts. It may 
well arise that the fair chart differs completely from the old one, which may have 
been a most sketchy survey, in which case the sailing directions can, obviously, 
be read only with the former. 

The directions should be carefully checked with the fair sheet before 

they are transmitted. 

Generally speaking sailing directions should not contain information which 
can be easily gathered from the study of the chart. Thus, as a rule, bearings 
and distances from one small point to another should not be given, as they 
distract attention from more important facts ; but the general direction or 
trend of the coast should be recorded and, where there is anchorage, bearings 
of charted objects useful in approaching and picking up the anchorage should 
be inserted. 

Courses and bearings.—Courses and bearings should invariably be given 
as TRUE and in degrees from 000° (North) to 359°. 

Geographical sequence.—Care should be taken in writing sailing directions 
for incorporation into an existing book, to follow the same geographical sequence 
as is pursued in the book itself, t.e., to work from east to west, or from north to 
south, as may be already adopted in the book. 

Correction of Admiralty Pilots.—In writing sailing directions that will partly 
add to and partly supersede those already published in an Admiralty Pilot, 
the whole of the relevant part of the book should be rewritten, retaining those 
paragraphs that hold good, and interpolating the fresh matter. 

Order of writing.—It is not possible to lay down invariable rules as to the order 
in which the different remarks comprised in sailing directions should be dealt 
with, but the following rules should be observed as far as possible : 

(a) General remarks, stating the order that will be pursued m treating the 

subject, with a general description of the district, divided into sections ; 

geographical, geological, hydrographical, and meteorological. 

(b) Description in detail of the coast, dangers, harbours and anchorages 

should then follow, including in each chapter a conveniently large 
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portion of the coast, say, from one prominent headland to another, or 
a certain group of islands, completing each section before commencing 
another. 

(c) Lastly should come the sailing directions for each portion of coast or 
passage, after all the places and objects have been separately described. 
In like manner, any general sailing directions for making passages 
over long distances should be dealt with separately. Directions for 
harbours or anchorages should, as a rule, be placed immediately after 
their description. 

{d) In large channels, after a general description, the details should be 
confined to one reach at a time, each shore being described separately, 
and in the same direction, which should, as far as possible, be that 
followed by a vessel arriving from seaward, and from Europe. 

(e) When both sides of a channel are clearly visible from a vessel passing 
through they should be described together and not alternately, as 
stated above for a large channel. 

General description of coast.—In describing a portion of coast, some such 
order as the following should be observed : 

(а) The appearance or aspect of the coast on making the land, describing 

prominent objects, as, on a bold coast, the headlands, peaks, etc., 
with their form, colour and height; or, on a flat coast, the conspicuous 
natural objects, buildings, beacons, etc. 

(б) Description of the outlying dangers and islands, and ofl-shore soundings, 

with the nature of the bottom. Directions for clearing the off-lying 
dangers. 

(c) Information as to pilots ; their cruising ground ; any special regulations 
or signals ; the possibility of obtaining tugs, etc. 

{d) In case of stress of weather, the best anchorage or the nearest harbour 
of refuge to run for; or, in extreme cases of underwater damage, 
etc., the best place to lay the ship aground. 

(e) A description of the coast, with the character of the inshore dangers, 
headlands, points, bays, anchorages, islands, rivers, etc., and especially 
lights, buoys, and beacons. The amount of detail given in this descrip¬ 
tion will, of necessity, vary with the nature of the coast and other 
considerations, but, as the Admiralty Pilots are the only works which 
contain descriptions of buoys and beacons, full details of them should 
always be given. (See Detailed description of coast, opposite.) 

(/) Harbours and anchorages require the closest description, and it should 
always be clearly stated whether they afford good, fair, or indifferent 
shelter ; the exact position of the recommended anchorage should be 
stated and whether the holding ground is good or bad, a full description 
of the quality of the bottom, should be given, such as a layer of mud 
over sand ; also whether anchorage can be taken up for long or short 
periods, and whether it is suitable for a number of vessels in company 
or for single vessels only. 

If any particular natural conditions, such as squalls, sudden shifts of 
wind, etc., tend to make an anchorage inconvenient or unsafe, it should 
be stated whether such conditions can be forecast by observation 
of such local peculiarities as excessive humidity or dryness, high peaks 
becoming obscured by cloud, unusual swell or motion of the water, 
remarkable dearness of the atmosphere, etc. 

(g) Currents and tidal streams should be grouped together in separate 
paragraphs ; also the time of the turn of the tidal stream with reference 
to the time of high water, and the duration of slack water. 
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The tidal streams in the neighbourhood of the standard ports of 
reference given in the tide tables should be referred to those ports; 
elsewhere to the time of local high water. All references must be made 
to high water, before or after, and never to low water. The terms 
“ flood ” and " ebb ’’ stream should never be used excepting in a port 
or river, and then only when the turn of the stream is within an hour of 
high water or low water; but the stream should be named by the 
direction towards which it is miming, as “ north-going stream,” 
“ south-west-going stream,” etc., or in rivers and estuaries, " in¬ 
going ” and “ out-going.” 

Admiralty Tide Tables, Part III (shortly to be replaced by "Admiralty 
Handbook of Tidal Prediction and Analysis for Seamen ”), should be consulted 
in connection with all tidal stream and current observations. (See also 
Chapter XV.) 

Detailed description of coast.—The detailed information required for (e), above, 
should comprise the following : 

Lifeboat and life-saving stations. 

Dangers : Their nature ; the depth over them at chart datum, or 
at mean low water springs when chart datmn is unknown; whether 
visible ; if breaking, at what period of tide ; whether any part dries, 
and how much. Whenever banks or rocks diy, information concerning 
them should take the form of stating the number of feet they dry. 
The term " awash ” should only be used when the danger is awash 
at chart datum (or at mean low water springs, when chart datum is 
unknown). When it is awash at any other state of tide it should be 
given as " dries so many feet.” Marks for clearing them by day or 
by night. The bearings of leading marks and clearing marks should 
be given in degrees, and for such clearing marks it should be stated 
that, for instance, the mark leads eastward or westward of the danger, 
and not clears to \he eastward or westward. 

Bars : The best time for crossing ; bar signals. 

Points and headlands : Character of; whether cliffy, wooded, sandy, 
etc. 

Hills, mountains : Height and appearance of elevations, distinguish¬ 
ing between mountains and hills. As a general rule, except in a very 
mountainous country, all may be considered as mountains over 1,000 
feet in height. Mention whether summits are usually clouded or not, 
and whether snow lies on them, and if so, at what season. When the 
height given is that of the tops of trees, it should be so stated. 

Islands : Height; whether wooded, cultivated, bare, etc. 

Landing places: Should be specially mentioned when the coast is 
open or exposed to swell. 

Rivers: When rivers of any importance are mentioned, give, if 
possible, their source, length, general course, points to which the tide 
flows, and to which they are navigable both by ships and by boats. 
The rate of flow before and after rains should also be given. 

In the case of large rivers; a table, giving distances from the bar or 
the outer light or buoy, the least depth to be passed at chart datum, 
(or at mean low water springs when chart datum is unknown), and the 
rate and time of turn of tidal streams at various places on the river, 
will be useful. 

The size of streams and whether fit for drinking or boiler use ; the 
latter information is only required in uncivilized parts of the world 
where ports at which water can be obtained are a considerable distance 
apart. 
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Approaches to Ports, etc.: In all descriptions of tidal harbours, rivers 
or ports, the least depth (referred to chart datum or to M.L.W.S. if 
chart datum is unknown) a vessel must pass over to reach her destina¬ 
tion and the position of the bar or shallow water referred to, should be 
stated. The distance of the port from the sea must also be given. 

Lights: Every detail that can be useful to the mariner should be 
given ; character, visibility, arcs of visibility and obscuration, limits 
of coloured sectors, details of fog signal, position, apj^arance, colour 
and height of the light structure, the elevation of the light above high 
water (and when placed high, information as to whether it is specially 
liable to be obscured by clouds or mist); description and position of 
lighthouse buildings, fog signal buildings, and signal stations; also the 
means of communication with nearest village, port, etc. For light- 
vessels ; the appearance, number of masts, type of daymark, 
height of the light and its character and visibility, must be given; also 
the degree of trust that can be placed in the maintenance of their 
positions. 

Photographs or sketches of lighthouses, taken from seaward, are 
especially valuable; the bearing and distance of the lighthouse from the 
view-point must always be given, but need not be repeated in the 
letterpress. (See also Views, page 426, and Photographs, page 428.) 

Directions for harbours.—Sailing directions for a harbour, written only 
for a vessel entering, will often be sufficient, but in certain cases it may be 
desirable that directions should also be given for leaving a port. 

Descriptions of seaports.—In describing seaports, give sufficient general 
statistics to enable a stranger to judge of their importance, probable abundance 
of supplies, etc. ; see above. Approaches to Ports, for depths in approaches. 

(а) Draught of the largest ship that can enter, in case of tidal or shallow 

harbours, at mean low water springs, emd depths alongside any piers. 

(б) Facihty for, and manner of, fuelling, with nature of shelter afforded by 

the harbour or anchorage. Number of lighters available. Depth 
alongside fuelling wharves and piers at mean low water springs ; or, 
still better, the maximum length and draught of vessels which can lie 
alongside at mean low water springs. 

(c) How coal and fuel oil are obtained, and whether from a near or distant 
locality. 

{d) Number and tonnage of arrivals annually. 

(e) Chief exports and imports. Any special port regulations, bye-laws and 
Custom-house regulations ; holidays, etc. 

(/) Dock accommodation, both wet and dry, with full particulars. Patent 
slip. Gridiron. 

(g) Facilities for repairs to a vessel and her machinery. Capacity of largest 
crane or sheers. 

{h) Quarantine regulations. Hospitals or home for sailors, with number of 
beds. Shipping of&ce for seamen. 

(t) Prevailing diseases, if of a virulent character (as on the coast of Africa); 
seasons at which they may be expected and brief precautions for 
guarding against them, diet, clothing, etc. 

{j) National prejudices in cases where serious offence may be given uninten¬ 
tionally. 

{k) Population. 

(/) Means of communication by ship, rail, road, air, telegraph, telephone 
and radio. 
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(m) History and antiquities should be mentioned only briefly, but a reference 

should be made to works in which further information may be found ; 
political facts may be briefly stated, but all political opinions should be 
avoided. 

(n) Time signals, harbour signals, and storm warnings, when established 

should be described, and the places from which they are displayed 
should be clearly indicated. 

Units of measurement.—Throughout observe uniformity in the v^ous 
terms used in expressing capacity, distance, height and length, respectively. 
Heights should be given in feet above the level of high water springs ; depths 
in fathoms or feet below chart datum (or below mean low water spnngs where 
datum is not known). The height in feet above chart datum (or mean low water 
springs) should be given for banks or rocks that dry at certain times of tide. 
Distances, when less than a mile, should be given in cables or yards; when 
parts of a mUe or of a cable are mentioned, they should be as vulgar fractions, 
not as decimals, which may lead to error. 

Nomenclature.—Names require much care. In all cases when the native 
name is obtainable, it only should be used, except when a European name has 
been attached so long to a place that it is generally recognised, m which case 
both may be given. In the British Isles and the Irish Free State the Ordnance 
Survey maps are the authority for names on the land. The only exceptions to 
this general ruling are the Gaelic terms “ Beag ” meaning “ little ” ; “ Beinn ’ 
meaning “ mountain,” and " Mor ” or ” Mhor ” meaning “ great ; which 
should always be spelt “ Beg,” “ Ben,” and “ More,” respectively. Nomencla¬ 
ture given in triangulation data issued by the Ordnance Survey is not always 
in agreement, and should not be accepted. . „ », . . 

For the transliteration of foreign names, the rules given in Alphabets of 
Foreign Languages transcribed into English according to the R.G.S. II System ” 
(Gleichen-Reynolds) should be followed. 

The surveyor should always be on the look-out in all parts of the world to 
correct instances in which names appearing on the Admiralty charts, etc., are 
not in accordance with that system. In all cases where names appearmg m 
the published Admiralty Pilots are altered in the sailing dmections accom¬ 
panying fair charts, the authorities for such alterations should be stated. 

Geographical terms.—Care should be taken that the geographical terms 
used for natural formations are used as correctly as possible as regards new 
names, but as regards old ones the rule laid down under " Nomenclature 
should be adhered to, i.e., to beware of meddling with names already established. 
A few common terms, often used incorrectly, are defined below : 

A bay is a comparatively slight indentation in the coastline in distinction to 
a gulf, loch, firth, etc. 

A channel is usually a narrow and deep passage, sometimes drei^ed, which 
may lead into a harbour or through a sound or strait. 

Coast is the term used with reference to the land, whilst the term shore is 
used with reference to the sea ; for instance, the west coast of India forms the 
eastern shore of the Arabian sea. 

A creek may be either of fresh oi salt water, but is tidal throughout its whole 
course. 

A head (or headland) is a comparatively high promontory, with either a 
cUffy or steep face, whereas a poirU is a comparatively low and sharp promon¬ 
tory. The word cape should be restricted to promontories facing the open sea. 

Mountains, hUls and knolls are comparative terms of heights varying with 
the general configuration of the countty, but peaks are essentially hills or 
mountains whose summits are comparatively sharp. 
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Overfalls, rips, or eddies are the effect of the current or tidal stream passing 
over an irregular bottom, whereas breakers are the effect of the state of the sea. 

A “ reef” is an area of rocks, or coral, detached or otherwise, of considerable 
extent which dries or nearly does so, in places. 

A river is a flow of fresh water, which, excepting in its lower reaches, is 
always in the same direction ; but the term stream should never be used except 
in connection with the streams caused by the tides. 

A roadstead is an open anchorage which may or may not be protected by 
shoals, whereas harbours and ports are those protected by the formation of the 
land or by artificial works. 

The expression “ shoal" should be limited to a detached area, the depths 
over which constitute a danger. A detached area, the depths on which do not 
constitute a danger, should be called a bank. A shoal area connected to the 
shore is not properly a shoal, but rather a spit, sand or bank. 

Shoals and banks may be of any material. 

A sound or strait is the name given to a passage having an outlet at either 
end, a sound is usually wider than a strait. 

Verification of information in Admiralty Pilots whilst on passage.—^Much of 
the information in the current editions of the Admiralty Pilots regarding land¬ 
marks and conspicuous objects, on or near the coast, is word for word the same 
as that given in the early editions, and it is, in many cases, not known whether 
such objects are still visible or conspicuous. 

Every opportunity should therefore be taken to verify such information 
whilst on passage, paying particular attention to leading lines and clearing 
marks. Any discrepancies observed should be reported by Hydrographic 
Note. 

Views.—Views of the coast are a valuable adjunct to the written matter 
appearing in the Admiralty Pilots. Their purpose is to help the seaman recognise 
diflerent parts of a strange coast and enable him to identify objects by which he 
can fix his position on first sighting land. In their object, therefore, they differ 
fundamentally from views which are drawn by the surveyor for topographical 
purposes {vide Figs. 143 and 143 a, page 265) and the same view-points are 
rarely suitable for both. 

Views for inclusion in Admiralty Pilots should, as a rule, be drawn from 
view-points distant about four to five miles offshore in such positions that they 
will be of use to the seaman when approaching a coast under conditions of 
moderate visibility. Views from points nearer to the coast, e.g. from an inshore 
anchorage, are seldom of any value, though an exception to this rule is the case 
of leading marks. Views of the latter should be drawn from a point a short 
distance outside the position where it is first necessary for a vessel to get onto 
the leading line. 

In addition to views of the above type, sketches of beacons, lighthouses and 
other navigational aids, accurately drawn on a reasonably large scale, showing 
their appearance from the normal direction of approach, can usefully be made 
for inclusion in the Pilots. 

Views should be drawn from the ship or a boat at anchor; the former is 
usually the more convenient in that a steadier platform is provided and the 
height of eye will correspond more nearly to that of the seaman who will sub¬ 
sequently make use of them. Views must be drawn accurately to scale and few 
people are capable of doing this without the help of angular measurements. 
Unless the land is very high, it is always advisable to exaggerate the vertical 
scale in comparison with the horizontal, a proportion of 3 to 2 being generally 
satisfactory. Selecting one object as a zero, horizontal sextant angles should 
be measured to all other readily distinguishable features and their elevations 
should also be measured above the sea or shore horizon. Using scales of, say. 











Left tangent of Pikaluyak I. in line with right tangent of Pillar I., bearing 281° leads through the 
Approaches to Nain. 
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0-2 inch to 1° horizontally and 0-3 inch to 1° vertically, these objects should 
first be plotted in their correct relative positions and the remaining detail 
can then be drawn in by eye. Only by adopting this procedure can it be certain 
that all essential features are correctly placed with regard to each other, both 
vertically and horizontally. 

Views should first be drawn in pencil, using squared paper for the purpose. 
They should then be traced off and transferred to plain unbacked drawing 
paper in a form suitable for photographic reproduction, before being forwarded 
into office with the sailing directions ; i.e., they should be pen drawings in Tnriian 
ink for the outlines and detail, in which very fine lines must be avoided. Shading 
to indicate differences of distance, form of hills, etc., may be either by penwork 
or a sepia wash. The writing indicating leading marks, hills, or other special 
features should be written in red above or below the view; pencil lines may be 
drawn to the objects for the purpose of identification where necessary. Views 
must never be folded. 

The observed angles to the various objects need not be recorded on the 
views, but it is essential that the position of the view-point should be clearly 
stated either in the form of a true bearing and distance to a prominent feature 
appearing in the view or by means of sextant angles to objects which provide a 
station pointer fix. 

Two examples of views are shown in Plate A*, the upper a distant view of 
the coast and the lower a view of a leading line which leads clear of dangers in 
the approach to a harbour. 

Photo^phs.—These may be used to supplement views drawn by hand 
or sometimes in lieu of them. Photographs have an advantage over views in 
that they can be obtained instantaneously and without anchoring the ship, but 
in most cases they are hardly a satisfactory substitute for the reasons that: 

(«) The vertical and horizontal scale is the same with the result that low-l5dng 
coastal features may be hardly recognisable. 

(6) Objects of importance, which can be stressed in a sketch, may be indis¬ 
tinguishable. 

(c) Touching up to remedy (6) requires great skill to be effective. 

Photographs should not be mounted, but should be attached to cartridge 
paper by means of slits cut in the paper and the necessary names, etc., should 
be written on the latter. Like “ Views ” they must not be folded for 
transmission. 
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CHAPTER XX 
MAGNETIC OBSERVATIONS 

Magnetic observations are required in different parts of the world to determine 
Variation, i.e. the angle between the true and magnetic meridians, and for 
scientific purposes they are also needed for the determination of the earth’s 
magnetic force and dip. Since terrestrial magnetism is subject to secular 
change, repeated observations in the same places are desirable at intervals of 
a few years. 

The spot chosen for magnetic observations on shore should be on ground as 
free as possible from magnetic matter. Volcanic and crystalline rocks, such as 
basalts and granites, should be avoided, and the safest ground is alluvial or 
sedimentary rock such as shales and slates ; coral is usually free from magnetic 
material. Observations, however, are also useful at places where local attraction, 
due to the nature of the ground, is suspected ; by comparison with the variation 
found elsewhere in that neighbourhood, the extent of such local attraction 
may be measured. 

The observation spot should always be marked in such a way that its exact 
position can be recovered in later years, and the surveyor will usually find it 
convenient to observe at one of the main stations of a trian^ation. Such a 
position has advantages over others in that true bearings (or azimuths) of other 
visible stations can be calculated directly through the triangulation and will 
be available for comparison with compass bearings. If some other position 
has to be used, a true bearing must be obtained by astronomical observations 
or the position must be connected by theodolite angles to stations of the triangu¬ 
lation so that a true bearing can be deduced. 

Variation. (Declination of the Compass Needle). 

Observations for variation, either ashore or afloat, or both, may be considered 
an essential part of any hydrographic survey. 

Observations on Shore. — Tubular Compasses .—^Tubular compasses are 
supplied for attachment to certain types of level and theodolite, and have now 
almost entirely superseded landing compasses of the “ card ” type. In this 
form of compass the needle is pivoted at the centre of a closed cylindrical tube ; 
at one end of the tube (that corresponding to the north-seeking end of the 
needle) a needle-locking device, operated by a milled head, is fitted, and at 
the other a glass diaphragm and a magnifying eyepiece. The attachment of 
the compass tube is so designed that its axis is parallel to that of the telescope 
in the instrument. When the latter is turned into the magnetic meridian, the 
south end of the needle, which is shaped like an inverted V, comes into view 
in the eyepiece and accurate setting may be made by observing its intersection 
on the diaphragm wires. 

Light is admitted into the tube through a small window on its upper side 
and is reflected by a prism to the eyepiece end. A moveable weight, friction 
tight on the north end of the needle, can be adjusted, if necessary, to make 
the needle horizontal and thus bring the south end central in the field of view. 
The pivot is very delicate and the needle should always be locked except 
when the compass is actually in use on the instrument. 

Method of Observing with Tubular Compass. 

Observations with this type of instrument present httle difficulty, but 
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great care must be taken to remove to a good distance any objects made of or 
containing iron or other magnetic material. Having set up and levelled the 
instrument over the selected position, it should be turned in azimuth until 
the compass needle is central, the final intersection on the diaphragm wires 
being made with the slow motion screw ; the horizontal circle reading of the 
magnetic meridian is then read and recorded. The mean of several readings 
should be taken, the instrument being turned sufficiently to throw the needle 
off centre first to one side and then the other between each reading. The tele¬ 
scope is then turned until intersection is made on an object whose true bearing 
is known and the horizontal circle is again read and recorded. 

This procedure is then repeated on 3 further ‘zeroes’, the setting of the horizontal 
circle being altered by 90° between each series. It is necessary to use 4 positions 
around the horizontal circle to eliminate the effects of any residual magnetism in 
the theodolite. All observations are made on the same face and if a bracket is 
supplied with the compass it should invariably be used. 

The calibration correction shown in the lid of the theodolite box is then applied 
to the mean of the readings of the magnetic meridian on all 4 zeroes. From the 
circle readings of the R.O. the reading of the true meridian can be deduced, the 
difference between this and the corrected reading of the magnetic meridian being 
the variation. 

Only theodolites whose compass calibration certificate shows them to have 
been calibrated on 4 zeroes at a Magnetic Observatory should be used for magnetic 
observations. Should no such instrument be available the theodolite to be used 
should first be tested by measuring the angle between a reference object and the 
magnetic meridian on 4 zeroes, 90° apart. If a difference of reading of more 
than 5 from the mean is recorded the theodolite should not be used for magnetic 
observations. 

Using a compass calibrated on 4 zeroes results should be accurate to within 
2' of arc. Remarks as to whether the compass used was calibrated on 1 or 4 zeroes, 
or not at all, should accompany all reports of variation obtained. 

Card-type Landing Compass. Method of Observing. 

If no tubular compass is available, it may be necessary to measure variation 
with a compass of the card type. In this case, the system of observation must 
be such as to eliminate errors of graduation and centring, and compass bearings 
of a number of objects distributed as equally as possible round the horizon 
should be taken for comparison with the true bearings of those objects and a 
mean figure must be adopted for the variation. Spare cards, caps and pivots 
are sometimes supplied with the compass and in this case the observations 
should be repeated with as many different combinations of these as possible. 
Instruments of this type should be tested at a magnetic observatory for the 
determination of card error, i.e. lack of parallelism between the axes of the 
magnets and the zero line of the graduation. 

Observations at sea.—These are needed to supplement observations on shore 
and may often be the means of indicating whether the latter have been influenced 
by an unknown source of local magnetic attraction. The ship’s standard com¬ 
pass must be used for the observations which consist in taking bearings of a 
heavenly body or a distant land object with the ship headed on eight or sixteen 
equidistant points. If possible, the “ swing ’’ should be made in a depth of 
50 fathoms or more so that the compass is not likely to be influenced by 
magnetic material in the ocean bed, and the ship should be steamed round both 
to starboard and to port, the mean of the two results being accepted. The ship 
should be on an even keel and should be steadied for at least a minute on each 
point to allow transient induced magnetism to disappear before the bearings 
are observed. 
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If the sun or other heavenly body is used for the observations, it should not 
be more than a few degrees above the horizon so that it can be viewed directly 
over the azimuth mirror and the time of. each observation should be recorded. 
Then, if the observer’s geographical position is known (to the nearest mile or 
so), the true bearings of the heavenly body may be taken out from azimuth 
tables with sufficient accuracy. A distant land object may be used instead of 
a heavenly body if the swing can be made in a position where a station pointer 
fix is obtainable by angles to surveying maiks. In this case the ship should 
be fixed at each observation, the fixes plotted on a field board or the 
plotting-sheet, and the true bearings of the object used measured off from each 
fix. 

Assuming coefficient A is zero, as it should be in most ships, the mean of all 
differences between the true and compass bearings is the variation. If coefficient 
A has any known value, this must be applied to the mean. 

Unifilar Magnetometer 


This instrument, 
designed for use 
on shore, is em¬ 
ployed to measure 
H, the horizontal 
component of the 
earth’s magnet¬ 
ism; it can also be 
used to determine 
Variation (known 
to scientists as 
Declination of the 
compass needle). 



Plate B* 


The general appearance of the unifilar magnetometer is shown in Plate B*. 

The instrument is mounted on a tripod A on the head of which the footscrews 
of the tribrach B rest. The lower plate C is secured to the tribrach, has a 
horizontal engraved circle similar to that of a theodolite, and carries the axis 
of the upper plate D to which the body of the instrument is secured. Clamping 
and slow motion screws are fitted to the upper plate so that the instrument 
can be pointed in any required direction and horizontal angles are read by 
means of verniers with an accuracy of about 10". Levelling of the plates is 
effected with the aid of the bubble tube E. 

The body of the instrument consists of a hollow tube having a box-shaped 
compartment F at its centre, and at one end of this tube a telescope G, carrying 
an ivory scale H, can be attached. A suspension tube, similar to that illustrated 
but shorter, can be mounted on top of the compartment F and from the torsion 
head at the top of this tube a mirror magnet can be suspended to hang in F. 
The mirror magnet (not shown) is tubular in shape and carries beneath it a 
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mirror which enables the observer to view the scale H. This mirror is fixed at 
right angles to the axis of the magnet and the latter should therefore be parallel 
to the coUimation axis of the telescope when the diaphragm cross-wires are seen 
to intersect the zero or centre mark on the scale. 

A second box-shaped compartment J, carrying the suspension tube K, can 
be mounted on top of F to enable a collimator magnet to be suspended in J 
where it is viewed by another telescope L. The collimator magnet is a hollow 
cylinder in one end of which (usually the north end) is inserted a cell holding 
a lens and in the other a cell containing a fine scale on glass. The azimuth 
mirror M can be adjusted so that, with the axis of the instrument in the magnetic 
meridian, light is reflected through the magnet, and the scale, which is at the 
principal focus of the lens, is read by the telescope focussed for infinity. Damp¬ 
ing devices are fitted in F and J to control the oscillations of the magnets, and 
a thermometer N is attached for temperature readings. 

A brass bar O, graduated from its centre in centimetres, can be mounted on 
the upper plate and supports a carrier P, in which the collimator magnet Q 
is mounted for certain observations, and a thermometer R. The bar, when in 
position, is at right angles to the telescope axes. 

The torsion heads are designed to enable the respective magnets to be raised 
or lowered to their correct positions in the compartments F and J and to allow 
the suspension to be turned through any required angle. The movable part of 
the torsion head carries an index and the fixed part is graduated so that an 
angle of twist can be measured. The suspension usually consists of a very fine 
gauge wire (about 0-03 mm. in diameter), but a tungsten filament is now 
sometimes used. 

Other items of the equipment consist of non-magnetic plummets (of equal 
weight to the collimator and mirror magnets), which can be attached to the 
suspension for removing torsion, and an inertia cylinder which is used for 
finding the moment of inertia of the collimator magnet (above which it can be 
fitted). A sighting tube for use on the carrier P is also provided. 

The instrument generally must be treated with great care and, in particular, 
the magnets and the inertia bar. The magnets are fitted with stirrups and 
should only be handled by these ; if they are dropped or mishandled, then- 
magnetic moments may be altered and the accuracy of the observations will 
be vitiated. After use, they should be wiped over very gently -with chamois 
leather or soft cambric. The inertia bar should be kept wrapped up in tissue 
paper when not in use. The suspensions also require very careful treatment if 
breakages are to be avoided. 

To find H (the horizontal component of the earth’s magnetism). 

The observation is dmded into two parts : 

(1) The time of a vibration of the collimator magnet is accurately obtained. 

(2) The deflection of the mirror magnet is observed when acting under the 

influence of the collimator magnet placed on the bar at specified dis¬ 
tances from it. 

In addition, the effect of 90° torsion on the scale reading is observed. 

From (1), wxH is obtained "I ,, t 

' ^ ^ I Where w=the magnetic moment of 

„ (2), jj •< -- / the magnet. 

Part (1) of the observation is repeated after part (2) so that a mean value of 
wi X H can be found at a time co-incident with that at which ^ is obtained. 


Part (1 )—The Vibration Experiment. 

The instrument must be completely protected from sun and wind and should 
be set up in a hut or tent erected on a site as free as possible from magnetic 
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matter (see page 429). All ma^etic objects, keys, knives, etc., must be 
removed to a safe distance. Having placed the circle on the tripod, level the 
instrument, attach the telescope L and the box J with the long suspension tube 
K and thermometer N. Attach the plummet, equal in weight to the coUimator 
magnet, to the suspension and take out torsion by sighting it through the 
telescope and turning the torsion head until the swing of the plummet is equalised 
on each side of the vertical cross-wire. Then remove the plummet, suspend the 
collimator magnet in its place and rotate the instrument until it is approxi¬ 
mately in the magnetic meridian, which will be the case when the centre division 
of the scale is seen to oscillate equally on either side of the vertical cross-wire. 
The collimator magnet must be adjusted to the correct height so that its axis is 
in line with that of the telescope by operating the rack and pinion gear at the 
head of the suspension tube. The easiest way of telling when the magnet is at 
the right height is by unshipping the eyepiece of the telescope and looking 
through the tube. 

Focus the telescope and close up the box J. Then release the damping device 
carefully and start the magnet swinging by means of a small piece of iron such 
as a screw-driver or steel pen. Centralise the swing of the magnet carefully 
by means of the horizontal plate tangent screw so that it swings an equal 
number of divisions on either side of the vertical cross-wire. The amplitude 
of the swing should be adjusted to about 30—40 divisions on either side of the 
centre line, i.e., equivalent to about 45'-60' of arc, and then 120 semi-arc 
vibrations should be timed. If a loud-ticking chronometer is available, timing 
can be done single-handed ; if only a watch is available, an assistant is required. 
To save the trouble of counting during the whole period of the 120 vibrations 
which occupy a considerable time, the method usually employed is as follows : 

With the scale moving apparently to the right (or left), note the time (by 
estimation to 1/lOth of a second) of the centre division passing the vertical 
cross-wire; this is the zero observation. Note the time of nine more swings 
after this with the scale moving in the same direction, numbering these 2, 4, 6, 
etc., to correspond to the numbers of the semi-arc vibrations. From the 
elapsed time between the zero observation and that numbered 18, the approxi¬ 
mate period of one semi-arc vibration is found and the chronometer time (to 
the nearest half second) of observation No. 100 is computed. This will enable 
the observer to identify vibration No. 100 and to time a similar series of ten 
swings. Nos. 100-118, as before. A chronograph, if available, may be used 
with advantage for this observation. 

It should be noted that the time of a vibration will be very nearly the same 
each day at the same place, but will vary in different parts of the world. (At 
Abinger Magnetic Observatory the time of the double swing is about 8J seconds.) 
Temperatures should be noted at the beginning and end of the experiment. 

Part (2 )—The Deflection Experiment. 

Remove the collimator magnet and box and attach the shorter suspension 
tube. Suspend the plummet equal in weight to the mirror magnet and take 
out torsion as before. Attach the telescope G fitted with the ivory scale and 
the graduated bar with its thermometer and magnet carrier. Suspend the 
mirror magnet in the box F and adjust it to the correct height by sighting along 
the sighting tube resting on the magnet carrier. Close the doors of F and remove 
all magnetic substances, including the collimator magnet, to a safe distance. 
Looking through the telescope G, damp down the oscillations of the mirror 
magnet to (at the most) three divisions on the scale and by means of the 
horizontal plate tangent screw turn the instrument until the centre scale division 
is seen to oscillate equally on either side of the vertical cross-wire of the telescope: 
read the horizontal circle. 

The deflection of the mirror magnet is now measured when the collimator 
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magnet is placed in the carrier at distances of 22-5, 30-0 and 40-0 cms. on the 
graduated bar. Placing the collimator magnet in the carrier at the first position, 
turn the instrument until the centre scale division is again seen to oscillate 
equally on either side of the vertical cross-wire, read the horizontal circle and 
temperature. Move the carrier to the next position and repeat the observation. 
It is advisable to hold the mirror magnet steady with the damping device 
before making any movement of the collimator magnet or instrument. A 
complete programme with the collimator magnet in position involves twelve 
observations which may conveniently be taken as follows : 

(i) Collimator magnet on north pole of at distances of 22-5, 30, 40 

east side of bar, magnet east, cms. 

(ii) Collimator magnet on north pole of at distances of 40, 30, 22-5 

east side of bar, magnet west, cms. 

(iii) and (iv) Similarly with magnet on west side of bar. 

Temperatures should be taken at every reading. Finally, the first observation 
should be repeated, i.e. with the collimator magnet removed altogether. 

This completes the deflection experiment and the vibration experiment should 
now be repeated. 


Observation for Torsion of Suspension. 

The torsion effect of the collimator magnet suspension must now be observed 
as follows. Suspend the collimator magnet as in experiment (1), bring it as 
nearly as possible to rest with the scale roughly centralised in fhe field of view 
and read off the scale division : call this a. Turn the torsion head 90° clock¬ 
wise and read off the scale division again ; call this b. Turn the head back 
90°, read again and call it c. Similarly obtain readings d and e with the head 
turned 90° anti-clockwise and back to the central position. Then the mean 
of ar^b and 6~c will give the effect of 90° torsion in a clockwise direction and 
the mean of cr^d and dr^e the effect of 90° torsion in an anti-clockwise direction. 
During the torsion experiment it is not necessary for the magnet to be entirely 
at rest; if it is not oscillating more than three divisions, the mean reading can 
be estimated with great accuracy. The value of a scale division is normally 
determined at a magnetic observatory and should be stated on the certificate 
supplied with the magnetometer so that the torsion effect in scale divisions can 
be converted at once into minutes of arc. 


Computation. 

The computation of the results is greatly facilitated if use is made of form 
162, reproduced on pages 436 and 437 (and obtainable from the Royal Obser¬ 
vatory, Greenwich). Every magnetometer should have a certificate in which 
the following data, determined at a magnetic observatory, is recorded : 

(а) Angular values of the scale divisions. 

(б) Temperature co-efficients and corrections. 

(c) Induction co-efficients. 

{d) Moment of inertia of the collimator magnet. 

(e) True values of the distances graduated on the bar. 

The observed readings are recorded in the upper half of the form and an 
approximate value of Log ^is first calculated. From this the values of Ai, Aj, 
Aj are found (in the lower right-hand part of the form) and P and Q are obtained, 
enabling an accurate value of Log g to be found. The value of T® is found in 

the lower left-hand part of the form and hence the value of Log (w x H). Thus 
m and H can be computed. The method of computation and the meaning of 
most of the symbols is evident from a perusal of form 162, but the following 
notes may be of assistance : 
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(1) The “ Effect of 90° of Torsion ” must be entered as minutes of arc, i.e. the 

mean effect in scale divisions multiplied by the angular value of one 

division. 

(2) The term 1 +t is the magnetic force equivalent to the torsion, i.e., if 

effect of 90° torsion in minutes of arc, 1 +t= 1 

(3) The values of c, the temperature corrections, should be given in the 

certificate. (See (6) above.) 

(4) K is the moment of inertia of the collimator magnet, including its fittings ; 

the value of K or tt* K should be given in the certificate. (See {d) above.) 

Moment of Inertia.—The moment of inertia of the colUmator magnet is 
usually determined at a magnetic observatory, but it may be found in the 
field, if necessary, with the aid of the inertia cylinder which is inserted in the 
stirrup above the collimator magnet. With the magnet suspended from the 
torsion head, a series of vibrations, say 50, is timed as in the vibration experi¬ 
ment, and a further series is timed with the inertia cylinder removed. The 
method of computing the moment of inertia is shown on the back of form 162. 

To find Variation (Declination of the Compass Needle). 

Set up the magnetometer as for the vibration experiment, taking special 
care to remove torsion with the aid of the plummet before suspending the 
colhmator magnet. Remove the azimuth mirror and with the collimator 
magnet lowered clear of the line of sight, focus the telescope, and intersect a 
distant object whose azimuth is known ; read the horizontal circle. Raise the 
magnet and turn the instrument until it is in the magnetic meridian, i.e., with 
the centre scale division on the vertical cross-wire or oscillating equally a small 
amount either side of it; read the horizontal circle. The focus of the telescope 
must not be altered at any time during the observation. Then reverse the 
magnet in its stirrup and, after bringing the centre scale division into 
co-incidence with the vertical cross-wire, read the horizontal circle agam. 
Lower the magnet and take another reading on the distant object. Then carry 
out the torsion experiment as before. The variation (declination) is found from 
the difference between the mean of the circle readings of the distant object 
and of the magnetic meridian, applying a correction equal to half the value of 
the torsion effect, if it is appreciable. The observations should be repeated 
A.M. and P.M., and a mean result accepted. 


Barrow’s Dip Circle 

This instrument is used primarily for the measurement of Magnetic Dip, 
but it can also be used for determining the total force. Its general appearance 
is shown in Plate C*. 

The instrument is mounted on a tripod, and footscrews and a bubble tube 
are provided for levelling. The tribrach carries a horizontal circle on which is 
mounted the body of the instrument. This consists of a box-shaped compart¬ 
ment in which the dipping needle is mounted, and a vertical circle read by two 
verniers. Attached to the arms carrying the verniers are two microscopes 
fitted with cross-wires which can be aligned with the ends of the dipping needle, 
the near side of the box being made of clear glass to permit this being done. 
Two dipping needles, numbered 1 and 2 and with their ends marked A and B, 
are used for the dip measurements ; these are temporarily magnetised for the 
observations by being placed in the wooden holder, shown on top of the box 
in Plate C*, and stroked with bar magnets. Two other needles, num^red 
3 and 4, permanently magnetised, are provided for total force observations; 
these should on no account be stroked with the bar magnets. No. 3 is used in 
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OBSERVATIONS OF VIBRATION OF DEFLECTING MAGNET 


Before Deflection Observations. 


Semiarc of Vibration. 
At Commencement, a= 

At End .. .. a'— 


Temperature (fi) 


After Deflection Observations. 


Semiarc of Vibration. 
At Commencement, a — 

At End .. .. a = 


Differenced-100= 


Time of Vibration 


Means of Groups, 


Difference-r 100= 


Time of Vibration 


Correction for Semiarc of Vibration= —_ 

Sum=(l-g^ - —) = ^ 
Log. fi = 0,86153 Effect of 90° of Torsion _= 

Log.^= , l + T=-f 


_Mean of Time \ _ 

Vibration (To) / _ 
_ Log. To = 

. . . Its Log.= 

_ (Sum) 

Log. T, = 


Log.( = 


Po=2664 Log. ; 
Pa-P)S = - 


Computation of P and Q. 

, ; P)3=473T Log. ^ 

(Pa-PjS)X 1-286 ’ 
P = Difference 
(Po-P/3)X 740-6 


Log. Ti«= 
. Its Log.= 
Log.T* = 


?=Log.„ 


m=Log. m* 
Log. m 


Q = Sum 
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OBSERVATIONS OF DEFLECTION OF DEFLECTED MAGNET 
G.M.T. of Observation. 19 


Deflecting Magnet. 

Distant 22-5 cm. 

Distant 30-0 cm. 

Distant 40 0 cm. 
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Direction 

of 
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Circle Reading, Magnet undeflected : Before experiment .. 

After experiment .. 


1 + Induction \ , 

Correction j 
Temperature \ _ 
Correction J 


Approx. Log. g- = 
+ Log.(x + ^+r) = 

- Log.(l + 5 + S) = 

Log. g = 


r,=30 0 cm. 
1,00054 


r»=40 0 cm. 
00 2 3 


Mean=Adopted Log. ^ = 
Log.«.H = 
Log. H‘ = 

Log. H = 

H, in C.G.S. Measure=-_ 
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Plate C* 

the box on the same support as the two dipping needles and No 4 can be 
mounted in the frame carrying the microscopes but at right angles to them. 

To find the Dip.—Set up and level the instrument in a sheltered position and 
remove all magnetic material to a safe distance. Take one of the dipping 
needles, magnetise it in the holder ; clean its pivots and the agate supports by 
pushing into or wiping with pith or cork. Place the needle on the supports with 
the inscribed letters facing the microscopes and lower it onto the knife-edges. 
Set the verniers of the vertical circle to read 90° and turn the instrument until 
one point of the needle is intersected by the microscope cross-wires and read 
the horizontal circle ; then turn the instrument (if necessary) and make inter¬ 
section of the other point of the needle with the second microscope, and read 
the horizontal circle again. Turn the instrument through 180° and repeat the 
process. Then the mean of the four readings will 1^ the division of the 
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horizontal circle to which the vernier should be set in order that the pl^e of the 
vertical circle should be at right angles to the magnetic meridian. Turn the 
instrument 90° so that it is in the magnetic meridian, set the cross-wires co¬ 
incident with first one needle and then the other and note the vertical circle 
readings. Caution.—Tht bar magnets provided for magnetismg and reversmg 
the polarity must be well away from the instrument when the observations are 

^^To eliminate errors, readings are repeated with every possible combination 
i e with the instrument facing east and west and the needle facing east and 
west and the series is repeated with the polarity of the needle reversed so that 
the other end is dipping. The complete series involves 16 vertical circle readmgs 
of each needle and the mean is the Dip. + 

Stops are provided on the horizontal circle to facilitate tummg the mstrument 
onto any required setting. Care should be taken to see that the needle does not 
stick at any time and it should be made to oscillate slightly by tapping on the 
roof of the box. 

To find Total Force.—Having completed the dip observations and without 
moving the instrument, place No. 3 needle on the agate supports and attach 
No. 4 needle to the supports between the microscopes. Intersect the ends ol 
No. 3 and obtain the vertical circle readings ; the mean will be the mclmation 
of No 3 to the horizon. Repeat this observation with the north end of No. 4 
turned in the opposite direction by the revolution of the movable arms which 
carry the microscopes ; half the difference of the readings in the two positions 
is the angle of deflection. , . , , j 

Remove No. 3 needle, substitute No. 4 (which is loaded at one end) on the 
agate supports and measure its inclination to the horizon, i), in the four positions 
of the needle and circle. The deviation of this needle from the position due to 
the earth's magnetic force alone is 0 being the angle of dip and 

being positive when measured on the same side of the horizontal line with 0, 
and negative in the contrary case. 

The value of the force is given by the formula : _ 

“ as observed 




where A 


H j smu 
cos 0 V 


/J sin u sin m' cos 0 V ^ . , 

at a base station, at which H (the horizontal component) has been de^mmed 
with the unifilar magnetometer, and the dip has also been observed. The base 
station where A is determined should not be too far from the observation spot. 
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CHAPTER XXI 

OCEANOGRAPHICAL OBSERVATIONS 
Nature of Observations. 

Oceanographical observations are of practical value and scientific interest 
and often form a part of the hydrographic surveyor’s work. The object of 
such observations is to determine various properties of sea water in different 
parts of the ocean, the most important being : 

(1) The temperature. 

(2) The salinity. 

(3) The hydrogen-ion concentration. 

It is obvious that the temperature observations must be made in situ and 
special types of thermometer, on which readings can be made to 0-02° Centi¬ 
grade, are provided for the purpose. Salinity and hydrogen-ion concentration 
may also be measured at the time a water sample is obtained if special apparatus 
(which will not be described here) is provided, but it is more usual to bottle off 
water samples and send them for investigation to a fully equipped laboratory 
on shore. 

Water samples and temperatures are required at various depths from the 
surface to the bottom and suitable equipment for this purpose is essential. 
Samples from the surface can be obtained in a wooden bucket, but at all other 
depths (and, preferably, for surface samples also) use is made of metal bottles 
which are lowered in an " open ” state to the required depth and can be closed 
before being hauled Up by means of a " messenger ” despatched down the 
supporting wire. Two types of water bottle in general use are described below. 

Insulating Water Bottle.—^This is used for measuring temperatures and 
collecting samples of water at moderate depths, i.e., from the surface down to 
a maximum of about 400 metres (220 fathoms, approx). The general 
appearance of the insulating bottle is shown in Plate D*. 

The body of the instrument, consisting of a series of concentric cylinders A, 
slides freely on the tubular guides BB to which it is linked by holes in the top 
and bottom flanges PP. The guides are rigidly connected at the bottom by 
the cover-plate C, which carries a draw-off valve V and a number of rubber 
washers D, and at the top by the plate E. 

The upper cover-plate F, provided with rubber washers 0, slides freely on 
the guides BB and carries a thermometer guard G which is slotted so that the 
graduations of the thermometer N can be seen. G is attached to F by a screw- 
collar M and its upper end is spherical and shaped to engage in a catch (not 
visible) inside the head K. Springs in the guides BB press downwards on the 
sleeves HH and, when the catch is released, these force the upper cover plate F 
against the body A and the latter against the lower cover-plate C, thereby 
closing the bottle. The springs may be put out of action by lifting the sleeves 
HH until they butt against E and then giving them a half-turn. 

The thermometer,, which is divided in tenths of a degree centigrade and can 
be read by estimation to about 0-02°, has a long narrow bulb and is sealed up 
in a strong glass sheath to protect it against pressure. When the instrument 
is in use, the thermometer is kept permanently fixed in F with its bulb projecting 
some distance below it. A thick rubber washer O, through which the ther¬ 
mometer is pushed, makes a water-tight joint in F and the guard G can be 
unshippjed when it is required to insert or remove it. 
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Platb D* 
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The bottle is conveniently lowered and hove in by the oceanographical 
winch (if fitted), using 6x7 strand, plough-steel wire cord, “True-lay” for¬ 
mation of 4 mm. diam.* ; but in view of the comparatively shallow depths in 
which this type of bottle is used, Kelvin sounding wire (rove on its ovra machine 
or on a hand-operated Lucas sounding machine) is equally suitable. The wire 
is led outboard over a measuring sheave (usually with a metre-reading dial) 
fitted at the head of a small davit or boom to keep it clear of the ship’s side. 
An eye-splice round a small thimble must be woiked in the outboard end of the 
wire to take over a screw pin in the head K ; care must be taken to see that 
the ends of the splice do not interfere with the free movement of the “ messen¬ 
ger ” which is used for dropping down the wire to close the bottle. 

To prepare the bottle for lowering, the sleeves HH are raised against the 
springs and given a half-turn to lock them, and the guard G with the upper 
cover-plate F is lifted until the catch in the head of G is felt to engage. The 
sleeves .£te then turned back until they bear down again on F. The air valve 
R is now closed and the working of the draw-off valve V should be tested to 
see that it is not sticking. The bottle is then lowered to the surface and the 
measuring sheave dial set to zero. 

When using the bottle, the ship must heave to or anchor; if the former, 
every effort must be made to manoeuvre in such a way that the wire is kept 
vertical whilst the bottle is over the side. When the bottle has been lowered to 
the required depth, it is closed by means of a " messenger ” which is hooked 
onto the wire and allowed to slide down. The messenger strikes the top of the 
instrument L, releases the catch and allows the springs to close the bottle. 
Before the bottle is closed a sufficient interval must be allowed to elapse to 
enable it to acquire the temperature of the surrounding water ; in depths of 
100 metres or less, the messenger should be let go after an interval of a minute 
or two, but at greater depths the time taken for the messenger to fall will 
provide a sufficient interval and no waiting is necessary. The impact of the 
messenger on the bottle can be felt by holding a finger on the wire and, when 
this occurs, the instrument should be hove up as rapidly as possible and the 
temperature read as soon as the bottle can be brought inboard. The insulating 
system is sufficiently good to keep temperature changes under 0-01° Centigrade 
for a period of six minutes and this interval must not be exceeded. A small 
additive correction to the thermometer temperature is required to make allow¬ 
ance for the cooling of the water sample and bottle due to decompression. 
This correction varies with the depth and the temperature of the sample and 
will be found in Table XXII. 

A water sample is drawn off by easing off the air valve R and pressing the 
sample bottle upwards with its head under the draw-off valve V. The sample 
bottle should be well rinsed with water from the insulating bottle before it is 
finally filled and corked. 

The following points should be noted when using the insulating water bottle ; 

(1) Do noi allow the bottle to close violently in air ; the shock may break 

the thermometer. 

(2) Do noi lower the bottle closed as it may collapse under pressure. 

(3) When working from the ship at anchor in a strong current, the frame 

may be lengthened downwards by removing the lock-nuts at the bottom 
and fixing on metal extension pieces and a sinker which will help to 
keep the wire vertical. 

(4) The working parts should be lightly oiled, but no oil or grease should be 

allowed to get onto the washers or inside the cylinders. 

(5) When the bottle is not in use, the springs should be thrown out of action. 

(6) The water-tightness of the bottle when closed should be tested periodically 

* Weight, 3-7 lbs. per 100 ft.; breaking strain, 2,200 lbs. 
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by fillin g it and pressing up on the draw-off valve with the air valve 

shut; no water should pass. 

(7) Surface observations are better obtained with the bottle than by drawing 

up water in a bucket. 

(8) The special thermometer should be used, not a “ surface ” thermometer 

which may collapse under pressure. 

(9) The standard depths for observations with the insulating water bottle 

are surface, 5, 10, 20, 30, 50, 75, 100, 150, 200 and 300 metres. 

Reversing Water Bottle.—In depths of more than 400 metres (about 220 
fathoms) use is made of a reversing type of water bottle to which are attached 
thermometers of a special pattern. The appearance of a water bottle of this 
type is shown in Plate E*. 

A is an open-ended metal cylinder pivoted at its centre in a rectangular 
frame B to which the lowering wire is secured by rneans of a screw clamp at 
the top and a guide near the bottom. The cylinder is fitted with two thermo¬ 
meter guards C and carries guides DDDD through which slide rods EE 
attached to the cover-plates FF. The latter are connected together by a strong 
spring which passes through the centre of the cylinder and are fitted with rubber 
washers so that, when closed, they make the cylinder watertight. The inner 
ends of the rods EE bear on cams GG which are secured to the frame and the 
bottle is " cocked,” i.e., put in the open position ready for lowering, by turning 
it in the frame until the drain tap (H) end is uppermost and the lug J engages 
in a toe fitted inside the top of the frame. In the act of cocking the bottle, the 
cams press outwards on the rods EE and push the cover-plates open. 

The bottle is lowered to the required depth in this position, i.e. with the 
drain-tap end uppermost. It is closed by allowing a “ messenger ” K to slide 
down the wire and strike the lever L, thereby releasing J, and the spring, 
acting through EE on the cams, causes the bottle to turn upside down. The 
cover-plates then close and are held on by the spring and J engages in a second 
toe near the lower end of the frame to hold the bottle in the reversed position. 
When the bottle is cocked, an extension piece on one of the rods EE engages 
in the slot M and enables another messenger to be held by a small ^cket; 
this will be automatically released when the bottle is closed, allowing the 
messenger to slide down the wire to operate a bottle secured at a greater 
depth. An air valve (not visible in the plate) is fitted at the opposite end to the 
drain tap so that a water sample can be drawn off into a sample bottle. 

This type of bottle should always be operated from the oceanographical 
winch (or from a power-worked dmm) rove with 4 mm. diam. plough-steel 
wire (see page 442). It is convenient to lead the wire outboard in the fore part 
of the ship over a measuring sheave secured at the head of a davit or boom ; 
and some arrangement should be fitted to take in the slack of the wire auto¬ 
matically when the ship is rolling or pitching. A lead of about 28 lb. on a 
few fathoms of hemp stray line should be bent on to the outboard end of the 
wire where the lowest bottle will be secured. As m^y as six bottle have been 
used simultaneously, but this involves a heavy strain on the wire, and a maxi¬ 
mum of four is advisable. In great depths, e.g., over 3,000 metres (1,640 
fathoms), where the weight of the outboard wire itself is considerable, not more 
than two or three bottles should be used at a time. 

Before first using the gear, it is advisable to test the action of the bottles by 
lowering each in turn to a depth of a few feet and noting if they close properly 
when the messenger is dropped. Cases have occurred where it has been found 
necessary to add sheet lead to the drain-tap end of the bottle to make it reverse 
completely. 

The reversing water bottle is normally used in depths which do not permit 
anchoring and the ship should therefore heave to with the wind slightly on the 
bow on which the gear is rigged. Whilst the operation is in progress the ship 
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Plate E* 
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must manoeuvre to keep the wire as nearly vertical as possible. Suppose 
that water samples and temperatures are required at depths of 3,000, 
2.000 and 1,500 metres. Having lowered the sinker and stray line into the 
water, the lowest bottle is attached to the wire and the measuring sheave dial 
is set to zero when it is awash. The drum can now be unclutched and the 
wire allowed to run out until the dial shows 1,000 metres when the brake is 
applied and the second bottle, with a messenger tailed on, is attached. Similarly, 
the third bottle is attached when the dial reads 1,500 metres, after which the 
wire is allowed to run out until the dial reads 3,000. A messenger for closing 
the upper bottle may be let go after an interval which will ensure that the 
upper bottle has been at the required depth for not less than seven minutes 
before it is closed. Except at moderate depths, say, 1,000 metres or less, it is 
rarely possible to feel any indication on the wire when a bottle is closed, and 
the only method of procedure is to allow ample time for all the messengers to 
fall. The rate of fall depends on the shape of the messenger and will generally 
be about 300 to 400 metres a minute, so that in this example it will be advisable 
to allow an interval of about 15 minutes, to be on the safe side, before heaving in 
is commenced. A test run with a bottle lowered to, say, 500 metres (where it 
can be felt to close) will provide valuable data for estimating the necessary time 
intervals at greater depths. In heaving in, the motor must be stopped as each 
bottle reaches the uppier deck level; the bottle can then be detached and the 
thermometers should be read at once. A water sample may then be drawn off 
at leisure whilst heaving in is continued. 

Measuring sheaves .—^The accuracy of these should be tested by comparing 
soundings taken with them in fairly deep water with those taken by Echo 
sounding gear or a Lucas machine. 

Reversing Thermometers.—These: are usea with the reversing water bottle 
for recording temperature at the required depth and they function by separating 
the mercury which stands above a certain point on the stem at that depth so 
that it can be read on a special scale after hauling up. The bulb is long and 
narrow; above it there is an irregularity in the bore of the capillary, which 
may be either a simple contraction or “ knife-edge,” or more commonly a 
short branch ending blindly, the “ appendix.” Above this again there is an 
enlargement bent into an S-curve, or U-curve, or into a complete circle. A 
small thermometer of the common pattern is sealed up together with the 
reversing thermometer in a strong glass sheath, and the space between the 
. main bulb and the sheath contains mercury to hasten the interchange of 
temperature. 

With the bottle in the cocked position ready for lowering, two thermometers 
are placed in the guards with their main bulbs downward. When the bottle 
is closed, the thermometer is reversed with it and the mercuiy breaks at the 
appendix or knife-edge and runs to the other end of the capiUary, where the 
temperature can be read off the scale which is graduated for the reversed posi¬ 
tion. As a rule the thread broken off will have expanded after reversal and 
the auxiliary thermometer must be read at the same time as the main ther¬ 
mometer in order that a correction for the expansion may be calculated. 
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CHAPTER XXII 

CHART PRODUCTION FROM SURVEYS 


Cartography. 

The object of all hydrographic surveying is to assist the practice and increase 
the safety of navigation and, for that end, the surveyors’ work must be trans¬ 
lated into a navigational chart. A chart differs from a land map since it deals 
largely with things invisible to the eye, deeps and shoals that are concealed 
under the surface of the sea, whereas all the conditions and objects represented 
on a map may be verified by sight as they come into view. Hence the prime 
essential of a chart is accuracy of relative positions, lacking which it is worse 
than useless. A chart therefore is analogous to a scientific instrument that has 
been correctly designed and calibrated and is not merely a pictorial expression 
of natural objects. Whereas it is the business of the surveyor to record on his 
fair chart every detail that the limitations of drawing will allow, on the navi¬ 
gational chart a rigorous selection must ensure that while no necessary sounding 
or feature is omitted, there shall be no crowding of matter to obscure the 
legibility. Objects on sea and land must be represented with distinction and 
arranged with clarity, so that the primary essentials of navigation will be obvious 
but secondary needs will not be hidden. Also, the framework of the 
survey must be fixed into a suitable graduation with positions precisely 
related to points from other work. These are the business and science of 
cartography. 


Planning of new charts. 

In its inception, the chart precedes the survey, for it is designed solely with 
reference to the needs of navigation in a certain area; if suitable materials 
are available the chart may produced from them forthwith, but if they 
are either lacking or unreliable in whole or in part then the chart must wait until 
the surveyor can supply them. Two main factors control the scheming of a 
new chart; the natural scale, and the size of the paper upon which the chcirt 
is to be printed. Experience has shown that it is advantageous to have as little 
variety as possible among the natural scales upon which charts are constructed 
and, whenever circumstances permit, charts are designed on certain standard 
natural scales ; as a matter of convenience, these are laid down as simple 
multiples or subdivisions of the proportion 1 : 100,000. The double-elephant 
sheet, giving a chart approximately 38 ins. by 25 ins., is usually regarded as the 
most suitable size for navigational charts. The detailed scheme of a new chart, 
once the area to be covered and the natural scale have been decided, must 
include suitable features near its borders for use as departure points and it 
must link up, by convenient ovenaps, with adjacent charts (these conditions, 
however, do not apply to harbour plans). For these reasons it is customary to 
scheme charts in a complete and interlocking sequence for areas of seas or 
coasts that have well-defined physical or national limits; so that, although 
immediate production may be contemplated for only one or two in such a series, 
it is assured that any charts adjacent to these, which may later become neces¬ 
sary, shall connect satisfactorily with those already published. In unknowh 
waters it is not possible, of course, to scheme charts in any detail until the 
surveys are made ; whilst in more familiar regions, various factors may necessi¬ 
tate that the limits within which a survey is ordered do not correspond with 
the limits of the proposed navigational chart. 
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Data for constructing navigational charts 

The materials from which the cartographer has to produce a chart consist 
of one or more fair charts drawn by the surveyor, with the relevant triangulation 
data and observations for positions, the original sailing directions, views and 
tidal data; frequently, earlier data of a similar though perhaps less precise 
nature must be consulted. 


Graduation. 

When the scheme is decided, the graduation into which the chart is to be 
placed can be set up. The projections normally used in hydrographic surveys 
have been discussed in Chapter VIIL Admiralty practice is to use the Mercator 
projection for navigational charts on scales of 1/60,000 and smaller, except in 
the case of those embracing the polar regions or those designed for plotting 
great circle tracks and wireless bearings, when the gnomonic projection is 
employed. Charts on scales larger than (and sometimes including) 1/50,000 
are drawn on either Cassini’s, Transverse Mercator or the gnomonic projections. 
Before any point can be plotted, it is necessary to compare the surveyor s 
observed position with positions that have been established previously m the 
vicinity and which, unlike modem atrolabe determinations, may depend on 
some local secondary meridian. Should the new dhart be designed to take a 
place among existing charts of a particular area it may be necessary to shift 
the new survey bodily to the older positions and to record the later observations 
by means of a note on the chart which also defines the origin of the charted 
longitudes (latitudes are seldom in question). 


Combining new and old surveys. 

Into this graduation a framework of firmly connected points is plotted upon 
which the survey is to be laid down ; the points of this framework are obtained 
from geographical positions given by the surveyor and co-ordinated points 
calculated through the triangulation. Difficulties, of a variety too great to be 
enumerated here, arise when several surveys have to be combined, especially 
when, as often happens, they are of different periods. Much of the work involved 
in solving these difficulties is unavoidable, but a full appreciation of the 
problems can lead, in many cases, to action being taken by the surveyor m 
the field which, even if not essential to the strict requirements of the survey, 
can materially assist the cartographer. • Nowadays, whenever possible, the 
surveyor is supplied with details of the trian^lation and other data of the 
surveys of areas adjacent to his work to facilitate proper connection, but as 
such data is not always available and since previously occupied stations ^e 
not always recoverable, the necessary adjustments may involve extensive 
investigations by the cartographer before the points can be plotted. On the 
drawings of old surveys the positions of the stations used are often discernible, 
and even an approximate connection of such j^sitions to the stations selected 
for the new survey, if made cm the spot, can give valuable aid. When an area 
is re-surveyed, serious confusion can arise if new stations are selected for trian¬ 
gulation without reference to those on which the older work was based ; and 
although the modem practice of marking as permanently as possible and 
describing in detail the principal stations does much to remove these troubles, 
older stations must still be reckoned with if the final charting is to be satis¬ 
factory. These troubles of connection tend to become acute when a survey 
ends at a territorial limit opposite, but not connected with, the end of a survey 
by some other authority ; or when objects in an area are fixed by two surveys 
with different results. When discrepancies have to be reconciled, care and 
forethought in providing connection between adjacent surveys will facilitate 
the work of the cartographer. 
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In an extensive triangulation it is often necessary to determine the astro¬ 
nomical positions of two or more stations and, as explained on pages 78 and 79, 
these seldom agree with the geodetic values calculated through the triangula¬ 
tion. The differences may be due to many causes, including errors of the 
plumb line (pages 325, 326), and it is only by elaborate checking of all relevant 
factors that a solution can be reached and the work laid down correctly on the 
chart. 

Good compilation from old and modern surveys, maps, plans, and rough 
material, or whatever else is available, is the outcome of long experience only ; 
and the selection of data depends on a critical appraisement of all relevant 
material guided by a wide knowledge of survey work of all periods (as such 
knowledge grows, it brings a profound respect for the accuracy and extent of 
the work of the surveyors of a century or more ago). This search and trial for 
the task of fitting the old, the sketchy, or the doubtful, into a modern survey 
may be reversed when a new survey is used to supplement work on an existing 
chart; and the preservation of scales and bearings or orientation provides 
the cartographer with some of his most interesting problems. 

Drawing the chart. 

The graduation of a new chart is usually drawn, for the sake of permanence, 
upon a sheet of heavy water-colour paper with a “ hot-pressed ” surface (a 
heavy-weight Whatman paper is satisfactory, having sufficiently stable proper¬ 
ties). When all the materials for the chart have been selected and the framework 
of points plotted on the paper, the compilation stage of the chart is completed 
and the ffiawing begins. The drawing is usually made on a piece of tracing 
paper fitted over the graduation ; this not only has advantages in the later 
stages of reproduction, but its transparency and smooth surface are a con¬ 
venience to the draughtsman. If the fair chart of the survey is on the same 
scale and projection as that of the chart to be produced, the tracing, onto which 
the plotted points have been transferred, may be laid directly over it and the 
work traced by fitting on the points, aided if necessary by a few bold rectangles 
of graduation. This, however, seldom happens and some measure of reduction 
is usually required. When the projection of fair sheet and chart are the same 
and the reduction does not affect legibility, a photographic reduction is made, 
in which the work is printed direct from the glass negative on to a lithographic 
zinc plate, from which paper proofs are pulled; there is no damping of the 
paper at any stage of this process so there is no distortion or change of scale 
and work can be traced direct from the photo-reduction in the same way as 
from a fair sheet of the right scale. The more general method of reduction, by 
which any degree of difference in scale is made possible, is the use of similar 
rectangles. Fine pencil lines at right angles to one another are ruled on the 
original document, either through the graduation or else by scale, as circum¬ 
stances dictate, and the tracing paper upon which the work is to be reduced is 
squared with exactly similar rectangles on the smaller scale (see pages 256, 257). 
In practice the sides of the smaller of such rectangles never exceed one-tenth 
of an inch. 

Selection of soundings. 

The selection of the soundings is one of the most importaflt responsibilities 
in the composition of a chart. The sounding datum used by the surveyor must 
be compared with that used in earlier surveys and with that of adjacent charts, 
in case adjustments for uniformity should be necessary. From the fair sheet, 
on which soundings, especially in shoal areas, are often very close, those depths 
that are essential to the navigator must be selected and arranged with suitable 
regularity of spacing. It is usual to show soundings throughout the water area 
of a chart, and although there is jio rigid rule for their spacing, tradition and 
experience have combined to standardise the practice ; in deep water they 
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are widely spaced but are closer on the continental shelf and in shoal water are 
spaced quite closely. In complex navigational passages, however, it is inad¬ 
visable to crowd the soundings for fear of confusion, and in channels and 
estuaries particularly, it is necessary to show the shoals without obscuring the 
passages through them. Since the size of an engraved figure is, more or less, 
constant there is need for increased discrimination in the selection and arrange¬ 
ment of the soundings as the scales of the charts decrease. The shoalest depths 
must always be shown, but they must not be allowed to give a false impression 
of the trend of the bottom ; and for many conditions of navigation, practica¬ 
bility of anchoring, etc., it is necessary that maximum as well as minimum 
depths shall be given. The nature of the bottom must also be freely shown. In 
deep waters, a marked local decrease in depth is surrounded by more than the 
normal number of soundings, not only to attract attention to it, but to indicate 
that examination of a possible danger has been made. 

The records of deep-sea soundings (which have not been shown on any fair 
chart) must be searched for material suitable for inclusion on any chart which 
embraces deep parts of an ocean. 

A small scale chart is always drawn or corrected from the larger scale pre¬ 
ceding it, and the same selection of soundings from the oripnal survey is used 
throughout; so that it is frequently possible to follow a single sounding from 
an ocean chart, through all the coastal and approach sheets, to a large scale plan. 

The practice now adopted of showing depths in fathoms and feet combined is 
not only more precise than the old method of showing fathoms and fractions, but 
has removed the need of the dual system whereby soundings appeared in feet on 
large scale charts and in fathoms on smaller scales. Fathom lines are taken 
direct from the fair sheet and are not sketched in among the selected soundings. 
The one, three, six and ten fathom lines are always shown, and in special cases, 
the two and five fathom contours may also be shown; the twenty and the 
hundred fathom lines are the contours shown in deeper waters, though others 
are used when occasion demands. For clarity in drawing, engraving and revis¬ 
ing, fathom lines are usually drawn in distinctive coloured lines which are 
translated by the engraver into the conventional symbols. 

Navigational aids and topographical detail. 

Navigational aids, buoys, beacons, fights, etc., must also be shown and these 
are drawn boldly in order that they may be recognised at once. Topographical 
details, however, are not given great prominence unless directly useful to the 
navigator. The treatment of hills varies but the object, always, is that the 
navigator may be given a relief impression of what he will see on making the 
land; if accurate contours are available they are shown on the chart in com¬ 
bination with a form of shading designed to give this impression. However, in 
most parts of the world accurate contours are not available and a system of 
form fines, shown by horizontal hachures, has been generally adopted, since by 
this means the engraver or lithographic fine-draughtsman can most readily 
imitate the effect of relief given by shading in wash or chalk. Any resemblance 
between these horizontal hachures and contour fines is purely afccidental and, 
to prevent confusion, continuity in the hachure lines is always avoided. 

Hachuring .-—Hachuring is constructed of strips or bands of fines, each element 
of which is a short flexible fine (following approximately the shape of the 
adjacent contour) drawn at right angles to an axis, which is normal to the 
contour curve at the middle point of the hachure (Plate Z, Fig. I). The succes¬ 
sive fines, though not of precisely uniform length, imitate each other roughly in 
shape and decrease in thickness as they descend from the top to the bottom 
of a hill (Plate Z, Fig. II). In theory the fines of each strip are all the same 
distance apart and differ only in thickness, but in practice it is not always 
possible to adhere to this rule and some opening of the spaces may be found 
necessary at the base of a slope or along extended spurs (Plate Z, Fig. III). 
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Adjoining bands of hachures are drawn in a similar fashion but are spaced 
differently so that adjacent elements do not join up to form continuous lines. 
These joins, though slightly irregular, are not disguised since occasional dark 
or light joins suggest the characteristic “ water course ” appearance of mountain 
sides (Plate Z, Fig. IV). When the contours are convex the bands of hachures 
diverge, additional bands being inserted to fill the opening spaces ; when they 
are concave the bands converge and are tapered off and finished as necessary 
(Plate Z, Fig. V). (Fig. VI shows how these principles are appUed to the sides of 
long spurs.) On a long slope, a closing of contours is indicated by a darkening, 
and an opening of contours by a lightening, of the hachures (Plate Z, Fig. VII). 
The sunlit side of a hill is treated hke the shadow side except that the thickness 
of the hachures is lighter throughout, being relatively about 75 per cent of 
that on the sunlit side (Plate Z, Fig. VIII). Except in a small measure, relative 
heights are not indicated by the relative darkness of the shadow side. Obviously 
it is not possible to make a 10,000-foot mountain ten times as dark as one only 
1,000 feet high, and in general, the greater size of the mountain mass is the 
only indication of its greater height. The intensity of the shadow indicates, 
almost entirely, the pitch of the slope at any point. 

Some examples of the treatment of a local shelf and ^lly, a saddle between 
two peaks, a deep combe, etc., are shown in Plate Z, Fig. IX. 

Lettering. 

Every opportunity is taken to clarify the chart by utilising regular varieties 
of letter-forms in the names and other writing. By the use of upright and 
sloping, sanserif and serif, letters and figures, distinction is made between 
land and water features, between dangers that are covered at some state of the 
tide and those that are always exposed, between floating and fixed navigational 
aids, etc. Names, when not horizontal, must approach or leave the symbol 
representing a feature on a definite system of curvature (see Plate X, page 417) ; 
to avoid ambiguity they begin or end at the symbol and are not placed across 
it. Descriptions against objects in the water area are arranged to cause the 
least interference with the use of the chart; channels, for instance, are left as 
clear of writing as possible. Although precise definitions of letter-styles and 
sizes are necessary to achieve uniformity yet, for the successful design of a 
chart, appropriate selection must be forthcoming in the balance of lettering, 
choice of curvature, and placing of principal names, title and notes. A chart 
may conform to all the set rules and yet, because of bad design, be ugly to 
look at and awkward to use. 

Previously reported dangers. 

Existing charts are examined and, in particular, all dangers shown on them 
are compared with the corresponding work on the new survey so that no danger 
shall be omitted from the navigational chart which has not been entirely 
disproved. The absence from a fair chart of some important feature, which had 
appeared on charts previously, is not considered sufficfent authority for its 
omission unless it is confirmed by the surveyor’s sailing directions or otherwise 
clearly shown to be non-existent. 

Necessity of up-to-date correction before printing 

Details of navigational aids, lights, buoys, beacons, fog signals, leading 
marks and the like given on the fair sheet may be out of date before the nav- 
gational chart is drawn, and reference to the appropriate authorities is necessary 
to ensure that the latest information is shown in every case. 

Data from other authorities. 

It is the duty of the cartographer to check in detail the work done by the 
surveyor in the field and it is only thus that the final accuracy of the chart can 
be guaranteed, since all the material required for such a purpose is not available 
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to the surveyor. For instance, the orthography of the chart is dependent upon 
certain rules and authorities, which may call for amendments to the names given 
by the surveyor. Less tidal information is now given on charts than formerly 
and the details that are still shown are not taken directly from the fair sheet. 
Compass-roses (which are so placed that they escape the folds of the chart and 
can be used from any part of it), radio stations, cables and areas of magnetic 
disturbance are other details shown on a chart which are taken principally 
from sources outside the work of the surveyor. 

Chart Histories 

As soon as a chart is published, its history starts and a complete record of 
every correction, no matter how small, is meticulously preserved. From the 
history sheets it is possible to refer to the authority for any amendment made 
to the copper plate and thus all material wants in the life of a chart are available 
to the cartographer. 
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CHAPTER XXIII 

REPRODUCTION AND PRINTING OF CHARTS 

The reproduction and printing of Admiralty charts is undertaken in the 
Production Division of the Hydrographic Supplies Establishment from the 
manuscript drawings which are schemed and compiled in the Chart Branch of 
the Hydrographic Department (as described in the previous chapter). From 
these manuscript drawings the ordinary navigational charts used to be engraved 
on copperplates, which constituted the permanent originals and which were, 
and still are, kept corrected for the latest information. The basis of nearly all 
navigational charts is still the copperplate engraving, but, nowadays, not all 
new charts are reproduced as engravings. 

Copperplate Engraving. 

The manuscript drawings of a navigational chart are usually prepared in 
two (see Chapter XXII) ; the graduation on Whatman paper (which is prac¬ 
tically immune from the dimensional changes caused by atmospheric variation), 
and the surveyed detail on tracing paper. 

The graduation is first engraved on the copperplate. A copy of the surveyed 
detail is traced, with a fine steel point, onto a thin sheet of celluloid laid over 
the drawing; the celluloid is dusted with a blue powder and wiped, so that 
the powder remains only in the scratches. The copperplate (bearing the 
graduation) is coated with wax and the prepared sheet of celluloid is placed, 
face down, in exact position on it. The back of the celluloid is gently burnished 
all over with a steel tool, which makes the blue powder adhere to the wax and 
thus reproduces the detail drawing, in reverse, on the copperplate. 

After any adjustments, necessitated by distortion of the tracing paper (if 
this has occurred), have been made, the work is cut into the copper by hand, 
using steel tools called gravers. Features such as hills, low-water rocks, man¬ 
grove edging and views, however, necessitate more delicate treatment than 
gravers can produce, and these are etched on the plate, at a later stage, by 
the engravers. Compass roses, conversion tables, etc., which are common to 
different charts, are also etched directly onto the copperplate. 

Etching .—Etching is both cheaper and quicker than hand engraving. For 
this, the plate is coated with a photographic emulsion, after which the appro¬ 
priate detail, compass roses, etc., in the form of film positives, are positioned on 
it, and the whole is exposed in a vacuum frame to arc lamp illumination. In 
all places where the light penetrates through the transparent parts of the film, 
the emulsion is made insoluble both to water and to the etching solution, used 
later. The parts of the emulsion remaining soluble are washed away with 
water, leaving the copper exposed in a facsimile of the design on the film. In 
the last stage of the process the plate is treated with the etching solution, 
perchloride of iron, which attacks the exposed parts of the copper, and so 
etches on the copperplate all the detail which was shown on the film positive. 

Steel coating .—^When the engraving is completed in all respects, the copper¬ 
plate is given a very thin coating of steel by electrical deposit, in order to protect 
the soft copper from wear. 

Proofs .—Proofs of various sorts, for a variety of purposes, can be made 
from the copperplates. The simplest to make is the “ wet ” proof on ordinary 
chart paper. The plate is " rolled up ” with the appropriate ink, which fills 
the engraving and, after surplus ink has been cleaned from its surface and edges, 
the plate is run through a press in contact with a sheet of thoroughly damped 
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paper. The paper receives the ink from the engraving and, as the work on 
the engraving was in reverse, the copy on the paper reads forward. These 
proofs are as solid and sharp as the state of the plate allows but, as the paper 
distorts substantially because of the thorough damping it has been given, such 
proofs are used only for purposes of revision and for checking the engraver’s 
work. 

In the past, all charts were printed by this laborious process; about eight 
minutes being required to “ pull ” eath copy. Nowadays, however, aU Ad¬ 
miralty charts for ordinary use are printed by the lithographic process from 
zinc plates ; but, as explained later, the preliminary stages in making these 
plates vary considerably. 

Lithography. 

The basis of lithographic reproduction is that grease and water are anti¬ 
pathetic. This antipathy enables greasy marks and patches, which have been 
imposed on the surface of a suitably prepared lithographic material, to be 
recharged without losing or extending the detail of the work; provided the 
correct amount of grease for recharging and the correct amount of water are 
used. The original lithographic material was Bavarian limestone, but zinc and 
aluminium are now used, and of these zinc is the better for chart and map 
reproduction. 

In the lithographic process, a copy of the copperplate engraving has to be 
imposed on a zinc plate. This copy is transferred by means of a special greasy 
stick ink and paper coated with a mixtuie of plaster of paris and flour. The 
stick ink is rubbed over the copperplate, which is heated sufficiently to melt 
the ink and allow it to run into the engraving. After the surplus ink has been 
cleaned off its surface, but while it is still warm, the plate is run through the 
press, under heavy pressure, in contact with the previously damped transfer 
paper. The finest details of the engraving (and also any faults, scratches, etc., 
on the copperplate) are thus reproduced, in the greasy ink, on the transfer paper. 
Faults are erased with a knife and the transfer is placed between damp sheets of 
blotting paper for a short while. 

In the meantime the surface of a sheet of zinc is matted with an abrasive 
which produces a grained surface that will hold greasy ink, and which has 
minute indentations that will retain water. The grained zinc is sensitised 
(i.e., made chemically clean) by washing in a weak solution of nitric acid and 
alum. 

When the zinc sheet is dry, the damp transfer is placed upon it and the two 
are run through a litho transfer press several times, the back of the transfer 
being damped between the runs till the water has penetrated the paper suffi¬ 
ciently to allow it to be lifted away, thus leaving the composition, with the 
greasy ink underneath, firmly fixed to the zinc plate. The plate is then washed 
clean of the composition, and is dried and, while the zinc is still sensitive to 
grease, any faults in the work are carefully made good. 

The plate is de-sensitised by being sponged over with pure gum arabic, and 
dried. (The gum is repelled by the greasy design but adheres to the rest of the 
zinc and, provided the plate is suitably damped before ink is applied, it is 
protected from further grease deposits during subsequent operations.) The 
work on the plate can now be reinforced and charged, and a proof pulled, by 
running it in contact with a sheet of paper through a litho transfer press. 
If the proof is satisfactory the zinc plate can be sent to the printer. 

Lithographic Printing Machines .—Two patterns are used, flatbed-direct 
machines and rotary-offset machines. 

In a Flatbed-direct litho printing machine, the zinc plate is clamped on a 
flat iron bed, which moves backwards and forwards under a cylinder covered 
with japanned cloth. The sheets of paper to be printed are fed, by hand, above 
the cylinder, which revolves and cau.ses the paper to come in contact, under 
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pressure, with the plate at each forward movement of the bed. Rollers auto¬ 
matically recharge the plate with ink and water (the former adhering only to 
the design) before each print is made. According to the size of the machine, 
from 250 to 400 copies an hour can be printed, in one colour only, by this method. 
Although about fifty times quicker than copperplate printing, this is too slow 
to cope with really long runs of charts. 

Rotary-offset machines are used chiefly for the longer runs of charts. In 
these machines the zinc plate is secured round a cylinder (instead of to a flat 
bed) and does not come into direct contact with the paper. The design from 
the plate is offset to a rubber blanket, fixed round a second cylinder, and 
offset again, from the blanket to the paper, which is fed on to a third cylinder. 
In an offset machine, the design on the plate is offset twice (from the plate 
to the rubber blanket and from the blanket to the paper) and so must read 
forward, like the printed copy. Such a plate is made in a “ reversing press " 
by offsetting the design from a copperplate (which, being made for direct 
printing, reads in reverse). Rotary offset machines are capable of 2,000 to 
5,000 prints an hour. 

Direct Reproduction. 

Enamel Zincs .—^New charts are not always engraved on copperplates. Fine 
finished drawings, made on enamel-coated zinc plates for subsequent photo¬ 
graphy, can be used instead. The enamel coating is applied to the zinc plate by 
spraying, and it is slightly roughened to provide a good drawing surface. 

Similar to those made for copperplate engraving, the manuscript drawing 
for reproduction is usually on tracing paper, and a photographic copy of it is 
made, in a weak blue, on an enamel zinc. The copy is only a guide for the 
draughtsman and is not required when the drawing is finished, blue is used for 
it because this colour does not reproduce when photographed. The blue is 
drawn over in a high quality black ink, but title, notes and sometimes the place 
names, are “ set up ” in type, i.e., proofs from the t 5 rpe are cut to shape and 
stuck on the enamel zinc. Copies of the compass roses, also, are made from a 
copperplate original, onto paper and are patched on the enamel in their correct 
positions. After revision of the completed drawing, the enamel zinc is passed 
to the photo section for a printing plate to be prepared from it (since it is not 
possible to print direct from an enamel zinc). 

The enamel zinc drawing is photographed to the correct size (either true-to- 
scale or a reduction) onto a film or glass negative. It must be decided before¬ 
hand whether the chart is to be printed on a direct or offset machine, since 
different types of negative are required, reading forward for direct, and back¬ 
wards for offset printing. For the former, a 45° prism is used in the camera 
to reverse the image, the fore-and-aft line of the camera being oriented parallel 
to the plate being photographed. Faults on the negative are covered over 
(" spotted out ”) by applying an opaque, and lines, etc., which are not clear 
enough, are cut in. 

The design on the negative has to be imposed on a zinc printing plate ; and to 
prepare for this, the plate is covered with a light-sensitive solution while it 
is clamped in a moving, whirling machine ; the solution being poured on the 
centre of the plate. The whirling ensures an even coating and throws off 
surplus solution ; electric elements fitted above it, dry the plate. 

The coated zinc plate, with the negative face down on it, is placed in a 
vacuum frame, and exposed to arc lamp illumination for ten to twenty minutes. 
The emulsion which is immediately under the letters, figures and other clear 
parts of the negative is'made insoluble in water by the light, but the rest of the 
emulsion on the plate is not affected. 

The plate is then covered all over with thin black ink. It is fan-dried and put 
under running water, which washes away the soluble part of the (ink covered) 
emulsion but leaves the insoluble part, which represents the chart, ink covered. 
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on the plate. The plate is dried, examined for faults, which if foimd are made 
good, and is then de-sensitised with gum arabic. It is rolled up with ink and a 
proof is pulled in the transfer press; if the proof is satisfactory the plate is 
ready for printing, as previously described. 

Other methods of Direct Reproduction. —If speed of reproduction is vety 
important, the chart may be drawn, as it will finally appear, though preferably 
on a larger scale, on any suitable medium such as tracing paper, barjda paper 
(unmounted or mounted on zinc), WTiatman paper, chart paper, or kodatrace 
(and, of course, enamel zinc). Tlie drawing is photographed, and a printing 
plate prepared from the negative as described above (under " Enamel Zincs ”). 
Minor blemishes on the drawing become unnoticeable when it is reduced, at the 
photographic stage of the process, to the correct scale. This method produces a 
printed chart in a very short time, but it has a great disadvantage in the 
difficulty of keeping the original (in this case, the drawing from which the 
printing plate was made) corrected for up-to-date information (unless it is an 
enamel zinc, see later). 

The normal way of transferring the design from a copperplate to a litho¬ 
graphic plate has already been described. Another method is by the direct 
reproduction, as described above, of a proof taken from the copperplate engrav¬ 
ing. To achieve the best results, the proof is pulled on “ baryta " paper, a 
specially coated paper on which very sharp prints are obtainable. 

Alterations on Chart Plates. 

Copperplate engravings. —^Alterations are made by scraping or grinding away 
the work to be amended from the face of the copperplate, tapping up the 
hollowed area from the back as necessary, to level the working face, replanishing 
li.e., flattening) the surface, and then engraving the new work. 

Another method of levelling off the surface of the copperplate, after the old 
work has been removed, is the Galvino-Plastic. In this, copper is deposited 
electrolytically in the hoUow, the deposited copper being then gromd down to 
the level of the original plate, ready for the new work to be engraved. This is 
preferable to, and is gradually superseding, the old method, since it causes 
less damage or distortion to the plate. 

Zinc printing plates. —^The work to be amended is removed by applying a 
saturated solution of caustic potash ; after which the patch is sensitised 
(chemically cleaned) with a weak solution of nitric acid and alum, and the new 
work is inserted by the lithographic draughtsman (using a brush for the finest 
work). Lastly, the patch is sponged over with gum arabic to de-sensitise the 
zinc background. 

Enamel zincs. —Erasures are made easily by a damp rubber, a knife, or a 
suitable ink solvent; and the new'work is drawn with ink (like the original). 

Glass negatives. —Erasures are made by knife, and the patch is coated with 
a mixtiue of lamp-black, gum and benzole. When this has dried, the new work 
is cut through the coating to the glass, with a needle. 

Colour Printing. 

The only colour shown on the ordinary navigational charts is the yellow used 
for the light flares, but in future, a land tint is to be used as well. Extensive 
use of colour has been made during the last few years, however, on Air charts, 
M charts and a variety of other special charts. 

A separate lithographic plate is required for each colour. To ensure that 
the various colours fit together exactly on the finished chart it is necessary 
that one of the plates shall be the " master ” and the others made as replicas of 
it; normally the black plate is the master. An impression in black ink of the 
master is made on paper, and is dusted over completely with a non-greasy 
violet powder, which adheres to the ink work but can be blown off the re.st of 
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the sheet. A clean zinc plate is damped and, with the paper sheet face down on 
it, is run through the press. The powder adheres to the zinc in the form of a 
violet facsimile of the black (master) plate, and enables the litho^aphic 
draughtsman, working with greasy ink, to insert in their correct positions all 
the details required on that particular colour plate, light flares or land tint, etc. 
Amongst the detail that must be inked in on each plate, are the reproductions 
of the small comer marks (registration marks) carried on the “ master.” 

When the drawing is finished the plate is de-sensitised, as previously 
described ; is rolled up with the appropriate coloured ink, and is then ready for 
the printer. 

With most printing machines, the sheet of paper must pass through the 
machine once for every colour (including the black) that has to be printed. 
However, on some rotary-offset machines, two colours can be impressed each 
time the paper passes through them. 

The black plate is printed first, and the colour plates are then adjusted on 
the machine so that their registration marks are superimposed exactly over the 
impression of the black registration marks, thus ensuring that the colours are 
printed in their correct relative positions. 
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TABLE I 


Elements of the Earth 


Figure. 

Equatorial Radius 

b 

Polar Radius 

f 

Compression 

Clarke (1858) .. 

20,926,348 feet 

20,855,233 feet 

29^3 

„ (1880) .. 

20,926,202 feet 

20,854,895 feet 

1 

293-5 

Airy 

20,923,713 feet 

20,853,810 feet 

2^3 

Everest (1st) 

20,922,932 feet 

20,853,375 feet 

30o¥ 

Bessel. 

6,377,397 metres 

6,356,079 metres 

1 

299-2 

Hayford (1910) .. 

6,378,388 metres 

6,356,912 metres 

1 

297-0 


{Note. —Clarke’s 1866 figure does not differ much from his other figures.) 
f = Compression = (—^) 


e = Eccentricity = 

* V = Normal to meridian at lat. ^-terminated by minor axis 

(or radius of curvature at right angles to meridian) 

*p = Radius of curvature to meridian at lat. <f> 

* See Tables III, IV, V and VI. 


(1—e* sin *0)1 
a(l-e») 
(1—e* sin*^)* 


TABLE II 


Spherical Excess 


Area of Triangle in Square 
Nautical Miles. 

Spherical 

Area of Triangle in Square 
Nautical Miles. 

Spherical 

5 

0-1 

70 

1-2 

10 

0-2 

80 

1-4 

15 

0-3 

90 

1-6 

20 

0-3 

100 

1-7 

30 

0-5 

200 

3-5 

40 

0-7 

300 

5-2 

50 

0-9 

400 

6-9 

60 

1-0 

500 

8-7 


This table is computed from the formula, spherical excess = where 

A = area of triangle in sq. feet and r = mean radius of curvature in feet. 

(It is computed for latitude 30°, but may be used for all other latitudes 
without appreciable error.) 
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TABLE III 

T-inanr value, in feet and its logarithm, of p sin 1' and v sin 1" 

(Clarke 1858: compression 


Latitude 

p sin i" 

Log p sin i' 

V sin i" 

Log V sin 

I' 

o 



Diff. 

Diff. 


Diff. 


Diff. 

0 

0 

1007654 


2-0033115 


101-4538 

Q 

2-0062683 

0 


10 

7654 


3116 


4538 

0 

2683 

I 


20 

7655 


3117 

2 

4538 

0 

2684 

0 


30 

7655 


3119 

2 

4538 

0 

2684 

I 


40 

7656 


3121 


4538 

I 

2685 

I 


50 

7656 

1 

3125 

4 

4539 

0 

2686 

* 

1 

0 

1007657 


2-0033129 


101-4539 


2-0062688 



10 

7658 

2 

3133 

6 

4539 


2689 

2 


20 

7660 


3139 

6 

4540 

0 

2691 

2 


30 

7661 

2 

3145 

8 

4540 


2693 

3 


40 

7663 


3153 


4541 

0 

2696 

2 


50 

7665 

2 

3160 

9 

4541 


2698 

3 

2 

o 

1007667 


2-0033169 


101-4542 


2-0062701 

3 


10 

7669 

2 

3178 

10 

4543 


2704 



20 

7671 

2 

3188 

jj 

4544 

0 

2708 

3 


30 

7674 

2 

3199 

12 

4544 


2711 

4 


40 

7676 


3211 

12 

4545 


2715 

4 


50 

7679 

3 

3223 

13 

4546 


2719 

4 

3 

0 

1007682 


2-0033236 


101-4547 


2-0062723 

5 


10 

7685 


3250 

15 

4548 

2 

2728 

5 


20 

7689 


3265 

2^ 

4550 


2733 

5 


30 

7692 


3280 

16 

4551 


2738 

5 


40 

7696 


3296 

r? 

4552 


2743 

6 


50 

7700 

4 

3313 

17 

4553 


2749 

6 

4 

0 

1007704 


2-0033330 


101-4555 


2-0062755 

6 


10 

7708 


3349 

19 

4556 

2 

2761 

6 


20 

7713 


3368 

19 

4558 


2767 

7 


30 

40 

50 

7717 

7722 

7727 

5 

5 

5 

3387 

3408 

3429 

:■ 

4559 

4561 

4562 

2 

2774 

2781 

2788 

7 

7 

7 

5 

o 

1007732 


2-0033451 


101-4564 

2 

2-0062795 

8 


lO 

7737 

g 

3474 

23 

4566 

2 

2803 

7 


20 

7743 


3497 

24 

4568 

2 

2810 

3 


30 

7748 

6 

3521 

25 

4570 

I 

2818 

9 


40 

7754 

6 

3546 

26 

4571 

2 

2827 

8 


50 

7760 

6 

3572 

26 

4573 

3 

2835 

9 

6 

0 

1007766 


2-0033598 


101-4576 


2-0062844 
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TABLE III 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1" 
(Clarke 1858) 


Latitude 

P sin I* 

Log p sin. 

l'" 

V sin I* 

Log V sin i' 




Diff. 


Diff. 


Diff. 


Diff. 

6 

d 

1007766 


2-0033598 

27 

101-4576 


2-0062844 



10 

7773 


3625 

28 

4578 


2853 



20 

7779 


3653 


4580 


2862 



30 

7786 

6 

3682 

29 

4582 

2 

2872 

10 


40 

7792 


3711 

30 

4584 

2 

2882 



50 

7799 

8 

3741 

31 

4587 

2 

2892 

10 

7 

0 

1007807 


2-0033772 


101-4589 


2-0062902 



10 

7814 


3803 

32 

4592 

2 

2912 

* j 


20 

7821 

8 

3835 

33 

4594 

2 

2923 

jj 


30 

7829 

8 

3868 

34 

4597 

2 

2934 



40 

7837 

8 

3902 

34 

4599 


2945 



50 

7845 

8 

3936 

35 

4602 

3 

2957 

12 

8 

0 

1007853 

8 

2-0033971 

36 

101-4605 


2-0062969 



10 

20 

7861 

7870 

9 

8 

4007 

4044 

37 

4607 

4610 

3 

2980 

2993 

13 


30 

7878 

9 

4081 

38 

4613 

3 

3005 

13 


40 

7887 


4119 


4616 

2 

3018 

13 


50 

7896 

9 

4158 

39 

4619 

3 

3031 

13 

9 

0 

1007905 


2-0034197 

40 

101-4622 


2-0063044 



10 

20 

7915 

7924 

9 

4237 

4278 

41 

4625 

4628 

3 

3057 

3071 

14 


30 

7934 

9 

4319 

43 

4632 

2 

3084 

15 


40 

7943 


4362 

42 

4635 

3 

3099 

14 


50 

7953 

11 

4404 

44 

4638 

4 

3113 

14 

10 

0 

1007964 

10 

2-0034448 

44 

101-4642 


2-0063127 



10 

7974 

10 

4492 

46 

4645 


3142 



20 

7984 


4538 


4649 

3 

3157 

15 


30 

7995 


4583 

47 

4652 


3172 

16 


40 

8006 

j j 

4630 

47 

4656 


3188 

16 


50 

8017 

II 

4677 

48 

4660 

3 

3204 

16 

11 

0 

100-8028 


2-0034725 

48 

101-4663 


2-0063220 

16 


10 

8039 

j j 

4773 


4667 


3236 

16 


20 

8050 

12 

4822 

59 

4671 


3252 



30 

8062 

12 

4872 


4675 


3269 

17 


40 

8074 

12 

4923 


4679 


3286 

17 


50 

8086 

12 

4974 

52 

4683 

4 

3303 

17 

12 

0 

100-8098 


2-0035026 


101-4687 


2-0063320 
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TABLE III 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1" 

(Clarke 1858 ) 


Latitude 

P sin i" 

Log p sin i" 

V sin i" 

Log V sin I" 

o 

Diff. 

Diff. 

Diff. 

Diff. 

12 0 

100-8098 

2-0035026 

101-4687 

2-0063320 

10 

8110 

5°79 55 

4691 4 

3338 

20 

8122 

5^32 54 

4695 4 

3355 18 

30 

8135 . 

5^86 33 

4699 4 

3373 19 

40 

8148 ,, 

5241 55 

4703 3 

3392 ,8 

50 

8160 ^3 

5296 36 

4708 4 

3410 jg 

13 0 

100-8173 

2-0035352 37 

101-4712 ^ 

2-0063429 19 

10 

8187 

5409 37 

4717 4 

3448 19 

20 

8200 " 

5466 11 

4721 3 

3467 19 

30 

8213 4 

5524 39 

4726 4 

3486 ,0 

40 

8227 

5583 60 

4730 3 

3506 

50 

8241 

5643 60 

4735 4 

3526 

14 0 

100-8255 

2-0035703 60 

101-4739 3 

2-0063546 

10 

8269 ,, 

5763 62 

4744 3 

3566 

20 

8283 

5825 62 

4749 3 

3586 

30 

8297 15 

5887 62 

4754 3 

3607 21 

40 

8312 

5949 64 

4759 3 

3628 

50 

8327 ,5 

6013 64 

4764 3 

3649 21 

15 0 

100-8342 

2-0036077 

101-4769 

2-0063670 

10 

8357 15 

6141 66 

4774 3 

3692 22 

20 

8372 15 

6207 66 

4779 3 

3714 22 

30 

8387 ,6 

6273 66 

4784 3 

3736 22 

40 

8403 15 

6339 67 

4789 5 

3758 22 

50 

8418 ,6 

6406 gg 

4794 6 

3780 ,3 

16 0 

100-8434 

2-0036474 69 

101-4800 ^ 

2-0063803 ,, 

10 

8450 

6543 69 

4805 3 

3826 

20 

8466 

6612 

4810 3 

3849 23 

30 

8482 

6682 

• 4816 ^ 

3872 23 

40 

8498 17 

6752 

4821 3 

3895 24 

50 

8515 

6823 

4827 5 

3919 24 

17 0 

100-8531 

2-0036895 

101-4832 3 

2-0063943 24 

10 

8548 ,7 

6967 73 

4838 6 

3967 24 

20 

8565 ,7 

7040 73 

4844 3 

3991 25 

30 

8582 

7113 

4849 6 

4016 

40 

8599 18 

7187 ” 

4855 6 

4040 25 

50 

8617 ,7 

7262 „ 

4861 6 

4065 26 

18 0 

100-8634 

2-0037337 

101-4867 

2-0064091 
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TABLE III 

Linear value, in feet and its logarithm, of p sin 1' and v sin 1' 

(Clarke 1858 ) 


Latitude 

P sin i" 

Log p sin 1' 

V sin i' 

Log V sin i' 

o 

Diff 

Diff 

Diff, 

Diff. 

18 6 

100-8634 jg 

2-0037337 g 

101-4867 g 

2-0064091 

lO 

8652 ^g 

7413 77 

4873 6 

4116 

20 

8670 ,8 

7490 11 

4879 6 

4141 26 

30 

8688 ^g 

7567 78 

4885 6 

4167 26 

40 

8706 jg 

7645 78 

4891 6 

4193 26 

50 

8724 ,8 

7723 7, 

4897 6 

4219 26 

19 0 

100-8742 

2-0037802 

101-4903 g 

2-0064245 

10 

8761 

7881 8x 

4909 6 

4272 27 

20 

z 9 

7962 80 

4915 7 

4299 26 

30 

19 

8042 82 

4922 g 

4325 28 

40 

8817 X 9 

8124 81 

4928 6 

4353 27 

50 

8836 

8205 83 

4934 7 

4380 

20 0 

100-8855 xo 

2-0038288 g 

101-4941 g 

2-0064407 28 

10 

8874 20 

8371 83 

4947 7 

4435 28 

20 

8894 19 

8454 84 

4954 6 

4463 ^8 

30 

8913 20 

8538 85 

4960 

4491 28 

40 

8933 20 

8623 

4967 7 

4519 29 

50 

8953 20 

8708 8^ 

4974 6 

4548 28 

21 0 

100-8973 

2-0038794 g 

101-4980 

2-0064576 

10 

8993 20 

87 

4987 7 

46«3 ” 

20 

9013 20 

8968 g^ 

4994 7 

4634 29 

30 

9033 21 

9055 88 

5001 g 

4663 29 

40 

9054 20 

9143 89 

5007 7 

4692 30 

50 

9074 21 

9232 89 

5014 7 

47 “ 30 

22 0 

100-9095 

2-0039321 go 

101-5021 

2-0064752 

lO 

9116 

9411 go 

5028 ; 

4782 ; 

20 

9137 21 

9501 g^ 

5035 7 

4812 3 „ 

30 

9158 21 

91 

5042 7 

4842 ,0 

40 

9179 22 

9683 52 

5049 8 

4872 3 x 

50 

9201 

9775 92 

5057 7 

4903 3 x 

23 0 

100-9222 

2-0039867 gj 

101-5064 

2-0064934 

10 

9244 21 

2 0039960 gj 

5071 7 

4985 3 

20 

9265 22 

2-0040053 g. 

5078 8 

4996 

30 

9287 22 

0147 

5086 

5027 32 

40 

9309 22 

95 

5093 7 

5059 31 

50 

9331 22 

0336 96 

5100 8 

5090 32 

24 0 

100-9353 

2-0040432 

101-5108 

2-0065122 
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TABLE III 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1" 

(Clarke 1858 ) 


Latitude 

p sin I* 

Log p sin i" 

V sin i' 

Log V sin i” 

0 

Diff. 

Diff. 

Diff. 

Diff. 

24 0 

100-9353 2 3 

2-0040432 

101-5108 y 

2-0065122 

10 

9376 22 

0528 ^6 

5115 8 

5^54 3a 

20 

9398 22 

0624 97 

5123 7 

^ « 3a 

30 

9420 23 

0721 97 

5130 8 

5^"® 33 

40 

9443 23 

0818 

5138 8 

5251 3a 

50 

9466 ,3 

0916 99 

5146 7 

5283 33 

25 0 

100-9489 ^3 

2-0041015 8 

IOI-5153 8 

2-0065316 23 

10 

9512 23 

,00 

5161 8 

5349 33 

20 

9535 23 

1213 joo 

5169 y 

5382 34 

30 

9558 4 

1313 100 

5176 8 

541^ 33 

40 

9581 24 

1413 loi 

5184 8 

5449 34 

50 

9605 23 

1514 101 

5192 8 

5483 33 

26 0 

100-9628 

2-0041615 

IOI-52OO 8 

2-0065516 

10 

9852 

1717 102 

5208 8 

5550 34 

20 

9876 „ 

1819 

5216 8 

5f4 34 

30 

9699 24 

^921 103 

5224 8 

5618 35 

40 

9723 24 

2024 204 

5232 8 

5653 34 

50 

9747 25 

2128 

5240 8 

5687 35 

27 0 

100-9772 24 

2-0042232 JO 

101-5248 8 

2-0065722 25 

10 

9796 24 

2336 J05 

5256 8 

5757 35 

20 

9820 25 

2441 X05 

5264 9 

579^ 35 

30 

9845 24 

2546 206 

5273 8 

5®f 35 

40 

9869 25 

2652 ,06 

5281 8 

35 

50 

9894 25 

2758 207 

5289 8 

5897 36 

28 0 

100-9919 23 

2-0042865 

101-5297 9 

2-0065933 36 

10 

9944 25 

2972 107 

5306 8 

5969 35 

20 

9969 25 

3079 108 

5314 9 

6004 36 

30 

100-9994 25 

3187 108 

5323 8 

6040 26 

40 

101-0019 25 

3295 109 

5331 8 

6076 27 

50 

0044 25 

3404 109 

5339 9 

6113 36 

29 0 

101-0069 26 

2-0043513 J09 

101-5348 8 

2-0066149 g 

10 

0095 25 

3622 jjQ 

5356 9 

37 

20 

0120 

3732 „o 

5365 9 

6222 27 

30 

0146 26 

3842 

5374 8 

6259 37 

40 

0172 26 

3953 III 

5382 g 

6296 27 

50 

0198 26 

4064 

5391 9 

6333 37 

30 0 

101-0224 

2-0044175 

101-5400 

2-0066370 
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TABLE m 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1' 
(Clarke 1858) 


Latitude 

psin i" 

Log p sin i" 

V sin I* 

Log V sin i' 

o 

Diff. 

Diff. 

Diff. 

Diff. 

30 0 

I 0 I -0224 

2-0044175 „2 

101-5400 8 

2-0066370 

10 

0250 26 

4287 112 

5408 9 

6407 11 

20 

0276 26 

4399 112 

5417 9 

6444 38 

30 

0302 ^6 

45 “ 1x3 

5426 9 

6482 

40 

0328 

4624 X13 

5435 8 

6519 38 

50 

0354 27 

4737 X14 

5443 9 

6557 38 

31 0 

101-0381 26 

2-0044851 

101-5452 9 

2-0066595 38 

10 

0407 27 

4965 „4 

5461 9 

6633 38 

20 

0434 27 

5079 XX 5 

5470 9 

6671 38 

30 

0461 26 

5194 X14 

5479 9 

6709 39 

40 

0487 27 

5308 

5488 , 

6748 38 

50 

0514 27 

5424 „5 

5497 9 

6786 39 

32 0 

101-0541 

2-0045539 116 

101-5506 ^ 

2-0066825 8 

10 

0568 4 

5655 ,x 7 

5515 9 

6863 39 

20 

0595 27 

5772 X16 

5524 9 

6902 

30 

0622 

5888 

5533 9 

69f 39 

40 

0649 28 

6005 

5542 9 

6980 39 

50 

0677 27 

6122 „8 

5551 9 

7019 39 

33 0 

IOI-0704 

2-0046240 jj 8 

101-5560 

2-0067058 

10 

0731 28 

6358 „8 

5570 9 

7097 40 

20 

0759 27 

6476 „8 

5579 9 

7137 39 

30 

0786 27 

6594 I19 

5588 1 

7176 40 

40 

0814 28 

6713 „9 

5597 xo 

7“6 39 

50 

0842 28 

6832 „9 

5607 9 

7255 40 

34 o 

101-0870 27 

2-OC4695I J 20 

101-5616 g 

2-0067295 

10 

0897 28 

7071 120 

5625 10 

7335 40 

20 

0925 28 

7191 ,20 

5635 9 

7375 40 

30 

0953 28 

73 “ ,21 

5644 9 

7415 40 

40 

0981 28 

7432 

5653 10 

7455 40 

50 

1009 29 

7552 ,21 

5663 9 

7495 41 

35 o 

101-1038 28 

2-0047673 J 2 I 

101-5672 

2-0067536 40 

10 

1066 28 

7794 122 

5682 9 

7576 4 x 

20 

1094 28 

7916 j2* 

5691 ,0 

7617 40 

30 

“22 29 

8038 ,22 

5701 9 

7657 4 X 

40 

“51 28 

8160 ,,, 

5710 ,0 

7698 41 

50 

“79 29 

8282 ,,2 

5720 9 

7739 40 

36 0 

101-1208 

2-0048404 

101-5729 

2-0067779 













464 


Tables 


TABLE m 

Linear value, in feet and its logarithm, of p sin 1 ' and v sin 1 " 
(Clarke 1868 ) 


Latitude 

P sin I* 

Log p sin i' 

V sin i" 

Log V sin i" 

o 

Diff. 

Diff. 

Diff. 

Diff. 

36 0 

IOI-I 2 o 8 28 

2-0048404 _2, 

101-5729 2 0 

2-0067779 41 

10 

1236 29 

85=^7 .4 

5739 9 

7820 

20 

1265 29 

8650 ,33 

5748 20 

7861 J2 

30 

1294 28 

^^3 

5758 20 

7902 

40 

1322 

8896 ,24 

5768 g 

7944 42 

50 

1351 ,9 

9020 

5777 10 

7985 42 

37 0 

101-1380 29 

2-0049144 224 

101-5787 2 0 

2-0068026 

10 

1409 29 

9268 224 

5797 9 

8067 

20 

1438 ,9 

9392 224 

5806 

8109 

30 

1467 .9 

9516 225 

5816 20 

8150 4, 

40 

1496 29 

9641 ,25 

5826 

8192 

50 

1525 ,9 

9766 225 

5835 20 

8233 4, 

38 0 

IOI-I 554 29 

2-0049891 225 

101-5845 2 0 

2-0068275 .2 

10 

1583 29 

2-6050016 225 

5855 20 

8317 1 , 

20 

1612 3„ 

0141 126 

5865 9 

8358 % 

30 

1642 29 

0267 125 

5874 20 

8400 

40 

1671 29 

0392 226 

5884 20 

8442 4, 

50 

1700 30 

0518 226 

5894 20 

8484 % 

39 0 

101-1730 29 

2-0050644 227 

IOI-59O4 20 

2-0068526 

10 

1759 29 

0771 x26 

5914 20 

8568 

20 

30 

0897 j26 

5924 9 

43 

30 

1818 

1023 227 

5933 20 

8653 4 ^ 

40 

^847 30 

1150 227 

5943 20 

8695 % 

50 

1877 29 

1277 X 27 

5953 20 

^737 42 

40 0 

101-1906 

2-0051404 

101-5963 20 

2-0068779 

10 

^936 "30 

1531 X27 

5973 20 

8822 « 

20 

1966 

1658 227 

5983 20 

8864 

30 

1995 30 

1785 228 

5993 10 

8906 

40 

2025 3„ 

1913 X27 

6003 20 

8949 

50 

2055 30 

2040 228 

6013 20 

8991 43 

41 0 

101-2085 29 

2-0052168 228 

101-6023 20 

2-0069034 

10 

21^4 30 

2296 227 

6033 20 

9077 42 

20 

2144 30 

2423 x28 

6043 20 

43 

30 

2174 30 

2551 x28 

6053 20 

9162 ^3 

40 

2204 30 


6063 20 

9205 42 

50 

2234 30 

2808 228 

8073 20 

9247 43 

42 0 

101-2264 

2-0052936 

101-6083 

2-0069290 
















Tables 


466 


TABLE m 

Linear value, in feet and its logarithm, of p sin 1’ and v sin 1' 

(Clarke 1858 ) 


Latitude 

p sin I* 

Log p sin 

I' 

vsinx' 

Log V sin 

i' 

0 



Diff. 


Diff. 


Diff. 


Diff. 

42 

o 

101-2264 


2-0052936 

128 

101-6083 

10 

2-0069290 

43 


lO 

2293 


3064 

128 

6093 

10 

9333 

43 


20 

2323 


3192 

129 

6103 

10 

9376 

42 


30 

2353 


3321 

128 

6113 

10 

9418 

43 


40 

2383 


3449 

129 

6123 

10 

9461 

43 


50 

2413 

30 

3578 

129 

6133 

10 

9504 

43 

42 

0 

101-2443 


2-0053707 

128 

101-6143 


2-0069547 

43 


10 

2473 


3835 

129 

6153 

10 

9590 

43 


20 

2503 


3964 

129 

6163 

10 

9633 

43 


30 

2533 


4093 

129 

6173 

10 

9676 

43 


40 

2563 

3 " 

4222 


6183 

10 

9719 

43 


50 

2593 

30 

4351 

128 

6193 

10 

9762 

43 

44 

o 

101-2623 

30 

2-0054479 


101-6203 

10 

2-0069805 

43 


lO 

2653 

31 

4608 

129 

6213 

10 

9848 

43 


20 

2684 

30 

4737 

129 

6223 

10 

9891 

43 


30 

2714 

30 

4866 

129 

6233 

10 

9934 

43 


40 

2744 

30 

4995 


6243 

JO 

2-0069977 

43 


50 

2774 

30 

5124 

129 

6253 

10 

2-0070020 

43 

45 

0 

101-2804 


2-0055253 


101-6263 


2-0070063 

43 


lO 

2834 

30 

5382 

129 

6273 

10 

0106 

43 


20 

2864 

30 

5511 

129 

6283 

JJ 

0149 

43 


30 

2894 

30 

5640 

129 

6294 

JO 

0192 

43 


40 

2924 

30 

5769 


6304 

JO 

0235 



50 

2954 

30 

5898 

129 

6314 

10 

0278 

43 

46 

0 

101-2984 


2-0056027 

129 

101-6324 

10 

2-0070321 

42 


10 

3014 

30 

6156 

129 

6^34 

10 

0363 

43 


20 

3044 

31 

6285 

129 

6344 

10 

0406 

43 


30 

3075 

30 

6414 

129 

6354 

10 

0449 

43 


40 

3105 


6543 


6364 

10 

0492 

43 


50 

3135 

30 

6672 

128 

6374 

10 

0535 

43 

47 

0 

101-3165 


2-0056800 

129 

101-6384 

10 

2-0070578 

43 


10 

3195 

30 

6929 

129 

6394 

10 

0621 

43 


20 

3225 

30 

7058 

128 

6404 

JO 

0664 

43 


30 

3255 

30 

7186 

129 

6414 

10 

0707 

43 


40 

3285 

30 

7315 

128 

6424 


0750 

43 


50 

3315 

30 

7443 

129 

6434 


0793 

42 

48 

0 

101-3345 


2-0057572 


101-6444 


2-0070835 















Tables 


TABLE III 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1" 

(Clarke 1858 ) 


Latitude 

P sin i" 

Log p sin i" 

V sin i" 

Log V sin i" 

0 

Diff. 

Diff. 

Diff. 

Diff. 

48 0 

101-3345 30 

2-0057572 

101-6444 jQ 

2-0070835 

10 

3375 30 

7700 128 

6454 10 

0878 43 

20 

3405 29 

7828 j28 

6464 

43 

30 

3434 30 

7956 129 

6474 10 

0964 42 

40 

3464 30 

8085 j28 

6484 

roo6 

50 

3494 30 

8213 127 

6494 10 

1049 43 

49 0 

101-3524 

2-0058340 j^g 

101-6504 

2-0071092 

10 

3554 30 

8468 j28 

6514 10 

“34 43 

20 

3584 29 

8596 127 

6524 10 

“77 42 

30 

3613 30 

8723 128 

6534 10 

“"9 43 

40 

3643 . 

8851 127 

6544 10 

1262 1 

50 

3673 30 

8978 j27 

6554 10 

1304 42 

50 0 

101-3703 29 

2-0059105 

101-6564 

2-0071346 

10 

3732 30 

9232 j27 

6574 10 

1389 42 

20 

3762 

9359 127 

6584 10 

1431 42 

30 

3791 30 

9486 J 

6594 9 

1473 43 

40 

38“ 

9613 126 

6603 JO 

4 - 

50 

3 « 5 i „ 

9739 127 

6613 JO 

1558 42 

61 0 

101-3880 29 

2-0059866 

101-6623 

2-0071600 

lO 

3909 30 

2-0059992 126 

6633 JO 


20 

3939 29 

2-0060118 

6643 JO 

1684 

30 

3968 30 

0244 125 

6653 9 

1726 42 

40 

3998 29 

0369 126 

6662 JO 

1768 42 

50 

4027 29 

0495 „5 

6672 jQ 

1810 ^2 

52 0 

101-4056 

2-0060620 

101-6682 JO 

2-0071852 

10 

4085 30 

0746 j25 

6692 JO 

1893 42 

20 

4115 29 

0871 124 

6702 g 

1935 42 

30 

4144 29 

0995 125 

6711 JO 

1977 41 

40 

4173 29 

X .5 

6721 JO 

2018 

50 

4202 

1245 124 

6731 9 

2060 

53 0 

101-4231 

2-0061369 

101-6740 JO 

2-OO72IOI 

10 

4260 

1493 ' 

6750 JO 

2142 42 

20 

4289 29 

1617 123 

6760 g 

2184 ^j 

30 

4318 

1740 124 

6769 10 

2225 ^j 

40 

4347 28 

1864 ,23 

6779 10 

2266 ^j 

50 

4375 29 

1987 123 

6789 9 

2307 41 

54 0 

101-4404 

2-0062110 

101-6798 

2-0072348 

























Tables 


467 


TABLE III 

Linear value, in feet and its logarithm, of p sin I" and v sin 1 

(Clarke 1858 ) 


Latitude 

p sin i" 

Log p sin i' 

V sin i' 

Log V sin i' 

o 

Diff. 

Diff. 

Diff. 

Diff. 

54 0 

101-4404 29 

2-0062110 j22 

101-6798 

2-0072348 

lO 

4433 28 

2232 j23 

6808 

2389 41 

20 

4461 29 

2355 122 

6817 JO 

2430 40 

30 

4490 28 

2477 122 

6827 

2470 41 

40 

4518 

2599 122 

6836 JJ, 

2511 4 x 

50 

4547 28 

2721 J2I 

6846 g 

2552 40 

55 o 

101-4575 29 

20062842 j22 

101-6855 JO 

2-0072592 ^j 

10 

4604 28 

2964 121 

6865 9 

2633 40 

20 

4632 28 

3085 120 

6874 z 

2673 40 

30 

4660 28 

3205 121 


2713 40 

40 

4688 ,8 

3326 

6893 10 

2753 40 

50 

4716 28 

3446 120 

6903 g 

2793 40 

56 0 

101-4744 28 

2-0063566 J20 

101-6912 g 

2-0072833 

10 

4772 28 

3686 

6921 JO 

2873 40 

20 

4800 ^8 

3805 „9 

6931 9 

2913 40 

30 

4828 28 

3924 „9 

6940 g 

2953 39 

40 

4856 27 

4043 „8 

6949 0 

2992 40 

50 

4883 28 

4161 „8 

6958 10 

3032 39 

57 0 

IOI-491I 27 

2-0064279 jj8 

101-6968 g 

2-0073071 jg 

10 

4938 28 

4397 I18 

6977 9 

3110 ^0 

20 

4966 27 

4515 

6986 ^ 

3 If 39 

30 

4993 28 

4632 „7 

6995 9 

3^89 39 

40 

5021 

4749 

7004 9 

32 f 39 

50 

5048 27 

4866 „e 

7013 9 

3267 38 

58 0 

101-5075 27 

2-0064982 6 

IOI-7022 ,0 

2-0073305 39 

10 

5102 27 

5098 

7032 9 

33 f 39 

20 

5129 27 

5213 ,,6 

7041 9 

3383 38 

30 

5156 27 

5329 ,,5 

7050 9 

3421 38 

40 

5183 27 

5444 ,,4 

7059 8 

3459 39 

50 

5210 

5558 „3 

7067 9 

3498 38 

59 0 

101-5237 26 

2-0065673 , 

101-7076 

2-0073536 38 

10 

5263 27 

5787 „3 

7085 9 

3 f 4 37 

20 

5290 26 

5900 ,,3 

7094 9 

3611 38 

30 

5316 27 

6013 „ 

7103 9 

3649 38 

40 

5343 26 

6126 

7112 g 

3687 37 

50 

5369 26 

6239 „2 

7121 8 

3724 38 

60 0 

101-5395 

2-0066351 

IOI-7I29 

2-0073762 













Tables 


TABLE III 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1' 

(Clarke 1858 ) 


Latitude 

p sin I* 

Log p sin i' 

V sin i" 

Log V sin 1* 

O 

' 


DifE. 


Diff. 


Diff. 


Diff. 

60 

0 

101-5395 


2-0066351 

HI 

101-7129 

g 

2-0073762 

37 


lO 

5421 


6462 

112 

7138 

g 

3799 

37 


20 

5447 


6574 

III 

7147 

8 

3836 



30 

5473 


6685 

HO 

7155 

9 

3873 

37 


40 

5499 


6795 

HI 

7164 

9 

3910 

37 


50 

5525 

26 

6906 

109 

7173 

8 

3947 

3^ 

61 

0 

IOI- 555 I 


2-0067015 

HO 

101-7181 


2-0073983 

37 


10 

5576 

26 

7125 

109 

7190 

8 

4020 

36 


20 

5602 


7234 

108 

7198 

9 

4056 

36 


30 

5627 


7342 

109 

7207 

8 

4092 

36 


40 

5652 

26 

7451 


7215 

g 

4128 

36 


50 

5678 

25 

7558 

108 

7224 

8 

4164 

36 

62 

0 

101-5703 

25 

2-0067666 

107 

101-7232 

8 

2-0074200 

36 


10 

5728 

25 

7773 


7240 

9 

4236 

35 


20 

5753 


7879 

106 

7249 

8 

4271 

36 


30 

5777 

25 

7985 

106 

7257 

8 

4307 

35 


40 

5802 

25 

8091 

105 

7265 

8 

4342 

35 


50 

5827 

24 

8196 

105 

7273 

9 

4377 

35 

63 

0 

101-5851 

25 

2-0068301 

104 

101-7282 

8 

2-0074412 

35 


lO 

5876 

24 

8405 

104 

7290 

8 

4447 

34 


20 

5900 

24 

8509 

104 

7298 

8 

4481 

35 


30 

5924 

24 

8613 

103 

7306 

8 

4516 

34 


40 

5948 

24 

8716 


7314 

8 

4550 



50 

5972 

24 

8818 

103 

7322 

8 

4584 

34 

64 

0 

101-5996 


2-0068921 


101-7330 

8 

2-0074618 



10 

6020 

n 

9022 

lOI 

7338 

8 

4652 

n 


20 

6044 

23 

9123 

lOI 

7346 

8 

4686 

33 


30 

6067 

24 

9224 

100 

7354 

7 

4719 

34 


40 

6091 


9324 

100 

7361 

8 

4753 



50 

6114 

23 

9424 

99 

7369 

8 

4786 

33 

65 

0 

101-6137 

23 

2-0069523 


101-7377 

8 

2-0074819 

33 


lO 

6160 

23 

9622 

98 

7385 

7 

4852 

33 


20 

6183 


9720 

98 

7392 

8 

4885 



30 

6206 

23 

9818 

98 

7400 

8 

4917 

33 


40 

6229 

23 

9916 

96 

7408 

7 

4950 

32 


50 

6252 


2-0070012 

97 

7415 

8 

4982 

32 

66 

0 

101-6274 


2-0070109 


101-7423 


2-0075014 






















Tables 


TABLE m 

Linear value, in feet and its logarithm, of p sin 1' and v sin 1' 
(Clarke 1858) 


Latitude 

p sin i" 

Log p sin 1' 

V sin i' 

Log V sin 

i' 

0 



Diff. 


Diff. 


Diff. 


Diff. 

66 

0 

101-6274 

23 

. 2-0070109 

96 

101-7423 

7 

2-0075014 

32 


10 

6297 

0205 


7430 

8 

5046 

32 


20 

6319 

za 

0300 

95 

7438 

7 

5078 

32 


30 

6341 

Z2 

0395 

94 

7445 


5110 

31 


40 

6363 

zz 

0489 

94 

7452 

8 

5141 

31 


50 

6385 

zz 

0583 

93 

7460 

7 

5172 

31 

67 

0 

101-6407 


2-0070676 

93 

101-7467 


2-0075203 

31 


10 

6429 

ZJ 

0769 

92 

7474 

8 

5234 

31 


20 

6450 

zz 

0861 

92 

7482 


5265 



30 

6472 

ZJ 

0953 

91 

7489 

7 

5296 

30 


40 

6493 

7T 

1044 

91 

7496 

7 

5326 

30 


50 

6514 

ZI 

1135 

90 

7503 

7 

5356 

30 

68 

0 

101-6535 


2-0071225 

89 

101-7510 

7 

2-0075386 

30 


10 

6556 

21 

1314 


7517 

7 

5416 

30 


20 

6577 

21 

1404 

88 

7524 

7 

5446 

Z9 


30 

6598 

20 

1492 

88 

7531 


5475 

30 


40 

6618 

21 

1580 

87 

7538 

6 

5505 

29 


50 

6639 

20 

1667 

87 

7544 

7 

5534 

29 

69 

o 

101-6659 


2-0071754 

86 

101-7551 


2-0075563 

29 


10 

6679 

21 

1840 

86 

7558 

y 

5592 

z8 


20 

6700 

19 

1926 

85 

7565 

6 

5620 

z8 


30 

6719 

2011 

85 

7571 

y 

5648 

29 


40 

6739 

20 

2096 

84 

7578 


5677 

z8 


50 

6759 

19 

2180 

83 

7585 

6 

5705 

27 

70 

o 

101-6778 


2-0072263 

83 

101-7591 

6 

2-0075732 

z8 


10 

6798 

19 

2346 

82 

7597 


5760 

28 


20 

6817 

19 

2428 

82 

7604 

6 

5788 

27 


30 

6836 

19 

2510 

81 

7610 


5815 

27 


40 

6855 

19 

2591 

81 

7617 

6 

5842 

27 


50 

6874 

19 

2672 

80 

7623 

6 

5869 

z6 

71 

0 

101-6893 

18 

2-0072752 


101-7629 

6 

2-0075895 

27 


10 

6911 


2831 


7635 


5922 

z6 


20 

6930 

18 

2910 

78 

7642 

6 

5948 

z6 


30 

6948 

18 

2988 


7648 

6 

5974 

26 


40 

6966 

18 

3065 

77 

7654 

6 

6000 

26 


50 

6984 

18 

3142 

77 

7660 

6 

6026 

25 

72 

0 

101-7002 


2-0073219 


101-7666 


2-0076051 













470 


Tables 


TABLE IIlA 


Linear value, in feet and its logarithm, of p sin 1" and v sin 1" 

(Everest’s 1 st: compression g^-g) 


Latitude 

p sin i" 

Log p sin i" 

V sin i" 

Log V sin I" 

0 

Diff. 

Diff. 

Did. 

Diff. 

0 0 

1007639 

2-0033050 j 

101-4372 

2-0061974 

10 

7639 0 

3051 I 

4372 0 

1974 I 

20 

7639 I 

3052 I 

4372 I 

1975 0 

30 

7640 0 

3053 3 

4373 0 

1975 I 

40 

7640 j 

3056 3 

4373 0 

1976 j 

50 

7641 j 

3059 4 

4373 0 

1977 I 

1 0 

1007642 j 

2-0033063 

101-4373 I 

2-0061978 2 

10 

7643 2 

3068 1 

4374 0 

1980 2 

20 

7645 1 

3074 6 

4374 I 

1982 2 

30 

7646 2 

3080 y 

4375 0 

1984 2 

40 

7648 j 

3087 7 

4375 I 

1986 

50 

7649 2 

3094 9 

4376 0 

1989 3 

2 0 

1007651 2 

2-0033103 g 

101-4376 j 

2-0061992 ^ 

10 

7653 3 

3112 

4377 I 

1995 3 

20 

7656 2 

3122 

4378 I 

1998 3 

30 

7658 3 

3132 12 

4379 I 

2001 ^ 

40 

7661 ; 

3144 12 

4380 j 

2005 4 

50 

7664 3 

3156 13 

4381 I 

2009 ^ 

3 0 

1007667 j 

2-0033169 

101-4382 j 

2-0062014 

10 

7670 3 

3182 

4383 I 

2018 ^ 

20 

7673 4 

3196 15 

4384 I 

2023 , 

30 

7677 3 

3211 16 

4385 I 

2028 ^ 

40 

7680 ^ 

3227 16 

4386 j 

2033 , 

50 

7684 ^ 

3243 18 

4387 2 

2038 1 

4 0 

1007688 

2-0033261 

101-4389 j 

2-0062044 g 

10 

7692 4 

3278 I9 

4390 2 

2050 g 

20 

7696 g 

3297 19 

4392 I 

2056 ^ 

30 

7701 

3316 20 

4393 2 

2063 g 

40 

7706 ^ 

3336 21 

4395 I 

2069 y 

50 

7710 ^ 

3357 22 

4396 2 

2076 8 

5 o 

1007715 3 

2-0033379 22 

101-4398 2 

2-0062084 7 

10 

7720 g 

3401 23 

4400 j 

2091 8 

20 

7726 ^ 

3424 23 

4401 2 

2099 7 

30 

7731 g 

3447 25 

4403 2 

2106 g 

40 

7737 6 

3472 25 

4405 2 

2115 8 

50 

7743 6 

3497 26 

4407 2 

2123 g 

6 0 

1007749 

2-0033523 

101-4409 

2-0062132 
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TABLE IIU 

Linear value, in feet and its logarithm, of p sin 1" and v sin 1' 

(Everest’s 1 st) 


Latitude 

p sin i" 

Log p sin i" 

V sin I* 

Log V sin i" 

o 

Diff. 

Diff. 

Diff. 

Diff. 

6 0 

100-7749 6 

^•0033523 26 

101-4409 2 

2-0062132 8 

10 

7755 6 

3549 27 

4411 2 

2140 g 

20 

7761 7 

3576 28 

4413 2 

2149 10 

30 

7768 1 

3604 29 

4415 3 

^^59 9 

40 

7774 7 

3633 29 

4418 2 

2168 

50 

7781 7 

3662 3^ 

4420 ^ 

2178 JO 

7 0 

100-7788 ^ 

2-0033692 3j 

101-4422 3 

2-0062188 JO 

10 

7795 8 

3723 32 

4425 2 

2198 JJ 

20 

7803 7 

3755 32 

4427 3 

2209 J J 

30 

7810 8 

3787 33 

4430 2 

2220 JJ 

40 

7818 8 

3®20 33 

4432 3 

2231 JJ 

50 

7826 ^ 

3853 ^3 

4435 3 

2242 JJ 

8 0 

100-7833 g 

2-0033888 33 

101-4438 2 

2-0062253 j2 

10 

7842 8 

3923 36 

4440 3 

2265 j2 

20 

7850 8 

3959 36 

4443 3 

2277 12 

30 

7858 9 

3995 37 

4446 3 

2289 j2 

40 

7867 9 

4032 38 

4449 3 

2301 J3 

50 

7876 9 

4070 38 

4452 3 

2314 J3 

9 0 

100-7885 g 

2-0034108 

101-4455 3 

2-0062327 J3 

10 

7894 9 

4148 40 

4458 3 

2340 J3 

20 

7903 9 

4188 

4461 3 

2353 J4 

30 

7912 JO 

4228 41 

4464 3 

2367 14 

40 

7922 

4269 42 

4467 4 

2381 J4 

50 

7932 

4311 ^3 

4471 3 

2395 J4 

10 0 

100-7942 JO 

2-0034354 44 

101-4474 3 

2-0062409 j^ 

lO 

7952 

4398 4I 

4477 4 

2423 ,5 

20 

7962 

4442 4 

4481 3 

2438 J5 

30 

7972 JJ 

4486 ll 

4484 4 

2453 x5 

40 

7983 JJ 

4532 6 

4488 ; 

24^ 15 

50 

7994 JJ 

4578 :7 

4491 4 

2483 j6 

11 0 

100-8005 j j 

2-0034625 

101-4495 4 

2-0062499 16 

10 

8016 J J 

4672 % 

4499 3 

2515 ,6 

20 

8027 JJ 

4720 

4502 ^ 

2531 16 

30 

8038 J, 

4769 50 

4506 ^ 

2547 ,7 

40 

8050 JJ 

48-9 5 „ 

4510 ^ 

2564 16 

50 

8061 j2 

4869 5. 

4514 4 

2580 J7 

12 0 

100-8073 

2-0034920 

101-4518 

2-0062597 
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TABLE IIlA 


Tables 


Linear value, in feet and its logarithm, of p sin 1” and v sin 1" 

(Everest’s 1 st) 


Latitude 

P sin i" 

Log p sin i" 

V sin I* 

Log V sin i' 

o 

Dif£. 

Diff. 

Diff. 

Diff 

12 0 

100-8073 

2-0034920 gj 

101-4518 

2-0062597 17 

10 

8085 

4971 52 

4522 ^ 

2614 18 

20 

8097 12 

5023 

4526 ^ 

2632 J7 

30 

8109 ^3 

5076 ” 

4530 , 

2&49 18 

40 

8122 

5^30 

4534 4 

2667 ^8 

50 

8134 .3 

5184 

4538 1 

2685 x9 

13 0 

100-8147 

2-0035239 

101-4543 4 

2-0062704 jg 

10 

8160 , 

5294 56 

4547 4 

2722 ,9 

20 

8^73 ,3 

5350 57 

4551 c 

2741 x 9 

30 

8186 

5407 58 

4556 " 

2760 

40 

8199 14 

5465 58 

4560 

2779 19 

50 

8213 14 

5523 58 

4565 4 

2798 20 

14 0 

100-8227 J3 

2-0035581 

101-4569 g 

2-0062818 

10 

8240 14 

5641 60 

4574 5 

2838 20 

20 

8254 14 

5701 61 

4579 4 

2858 20 

30 

8268 

5762 g. 

4583 5 

2878 20 

40 

8283 ,4 

5823 6, 

4588 g 

2898 

50 

8297 15 

5885 62 

4593 5 

2919 21 

16 0 

100-8312 

2-0035947 64 

101-4598 g 

2-0062940 2 j 

10 

8326 jg 

8011 64 

4603 5 

2961 21 

20 

8341 15 

8075 64 

4608 1 

2982 22 

30 

8356 , 

6139 65 

4613 5 

3004 21 

40 

8371 , 

6204 gg 

4618 1 

3025 22 

50 

8386 

6270 66 

4623 5 

3047 22 

16 0 

100-8402 j 

2-0036336 gy 

101-4628 g 

2-0063069 23 

10 

8417 16 

6403 68 

4633 6 

3092 22 

20 

8433 16 

6471 68 

4639 5 

3114 23 

30 

8449 16 

6539 69 

4644 5 

3137 23 

40 

8465 16 

6608 g 

4649 6 

3160 

50 

8481 j6 

6677 

4655 5 

3183 24 

17 0 

100-8497 

2-0036748 

101-4660 g 

2-0063207 

10 

8514 16 

6818 ' 

4666 g 

3230 24 

20 

8530 ,7 

6890 

4671 6 

3254 24 

30 

8547 

6961 7 

4677 6 

3278 2J 

40 

8564 17 

7034 73 

4683 5 

3302 

50 

858 . 

7107 74 

4688 1 

3326 ,g 

18 0 

100-8598 

2-0037181 

101-4694 

2-0063351 
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TABLE IIlA 

Linear value, in feet and its logarithm, of p sin 1' and v sin 1' 

(Everest’s 1st) 


Latitude 

P sin i" 

Log p sin 

I* 

V sin i' 

Log V sin 

1* 

o 



Diff 


Diff. 


Diff. 


Diff. 

18 

0 

10 

100-8598 

8615 

17 

18 

2-0037181 

7255 

74 

101-4694 

4700 

6 

6 

2-0063351 

3376 

25 


20 

30 

8633 

8650 

17 

18 

7330 

7405 

75 

76 

4706 

4711 

5 

6 

3401 

3426 

25 


40 

8668 

18 

7481 

77 

4717 

6 

3451 

26 


50 

8686 

17 

7558 

77 

4723 

6 

3477 

25 

19 

o 

100-8703 


2-0037635 

78 

101-4729 

6 

2-0063502 

26 


10 

8722 

18 

7713 

78 

4735 


3528 

26 


20 

8740 

18 

7791 


4742 

6 

3554 



30 

8758 

19 

7870 

80 

4748 

6 

3581 

27 

26 


40 

8777 

18 

7950 

80 

4754 

6 

3607 



50 

8795 

19 

8030 

80 

4760 

6 

3634 

27 

20 

0 

100-8814 

19 

2-0038110 

82 

101-4766 


2-0063661 



10 

8833 

19 

8192 

81 

4773 

6 

3688 



20 

8852 

19 

8273 

83 

4779 

1 

3715 

27 

28 


30 

8871 

19 

8356 

83 

4786 

6 

3743 


40 

8890 

19 

8439 

83 

4792 

6 

3770 

28 


50 

8909 

8522 

84 

4798 

7 

3798 

28 

21 

0 

100-8929 

20 

2-0038606 

84 

101-4805 


2-0063826 



10 

20 

30 

8949 

8968 

8988 

19 

8690 

8775 

8861 

85 

86 

86 

4812 

4818 

4825 

6 

7 

3854 

3883 

3911 

29 

28 


40 

9008 

20 

8947 

87 

4832 

7 

6 

3940 

29 


50 

9028 

21 

9034 

87 

4838 

7 

3969 

29 

22 

0 

100-9049 

20 

2-0039121 

88 

101-4845 


2-0063998 

29 


lO 

9069 

21 

9209 

88 

4852 


4027 


20 

9090 

20 

9297 

89 

4859 


4056 

29 


30 

9110 

21 

9386 

89 

4866 


4086 

30 


40 

9131 

21 

9475 


4873 


4116 

30 


50 

9152 

21 

9565 

90 

4880 

7 

4146 

30 

23 

0 

100-9173 

21 

2-0039655 

91 

101-4887 


2-0064176 

30 


lO 

9194 

21 

9746 

91 

4894 


4206 


20 

9215 

21 

9837 


4901 


4236 

30 


30 

9236 

22 

2-0039929 

93 

4908 


4267 



40 

9258 

21 

2-0040022 

92 

4915 

7 

4298 

31 


50 

9279 

22 

0114 

94 

4922 

8 

4329 

31 

24 

0 

100-9301 


2-0040208 


101-4930 


2-0064360 
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Tables 


TABLE UlA 

Linear value, in feet and its logarithm, of p sin V and v sin 1' 

(Everest’s 1st) 


Latitude 

p sin i" 

Log p sin i" 

V sin i" 

Log V sin I" 

o 

Diff. 

Diff. 

Diff. 

Diff. 

24 0 

100-9301 22 

2-0040208 

101-4930 y 

2-0064360 

10 

9323 22 

0302 

4937 7 

4391 32 

20 

9345 22 

0396 55 

4944 8 

4423 31 

30 

9367 22 

0491 95 

4952 7 

4454 32 

40 

9389 22 

0586 11 

4959 8 

4486 1 , 

50 

9411 23 

0682 

4967 7 

4518 32 

25 0 

100-9434 2 3 

2-0040778 

101-4974 8 

2-0064550 

10 

9456 ,3 

0875 ” 

4982 7 

4582 33 

20 

9479 22 

0972 97 

4989 8 

4615 32 

30 

9501 23 

1069 99 

4997 8 

46 f 33 

40 

9524 23 

1168 98 

5005 7 

4680 33 

50 

9547 23 

1266 55 

5012 8 

4713 33 

26 0 

100-9570 33 

2-0041365 

IOI-5020 8 

2-0064746 

10 

9593 24 

1465 100 

5028 7 

4779 

20 

9617 23 

1565 100 

5035 8 

4812 J 

30 

9640 23 

1665 jQj 

5043 8 

4846 33 

40 

9663 24 

1766 

5051 8 

4879 34 

50 

9687 24 

1867 j„3 

5059 8 

4913 34 

27 0 

100-9711 33 

2-0041969 JQ3 

101-5067 8 

2-0064947 34 

10 

9734 24 

2071 j^3 

5075 8 

4981 3^ 

20 

9758 4 

2173 203 

5083 8 

5015 34 

30 

9782 3^ 

2276 ,04 

5091 8 

5049 35 

40 

9806 3 

2380 ,4 

5099 8 

5084 

50 

9830 

2484 204 

5107 8 

5”9 34 

28 0 

100-9854 25 

2-0042588 

IOI-5115 8 

2-0065153 

10 

9879 24 

2692 ,05 

5123 9 

5188 

20 

9903 25 

2797 X06 

5132 8 

35 

30 

9928 ,4 

2903 106 

5140 8 

5258 36 

40 

9952 25 

3009 106 

5148 8 

5294 35 

50 

100-9977 25 

3115 107 

5156 5 

5329 36 

29 0 

I 0 I -0002 33 

2-0043222 

101-5165 8 

2-0065365 33 

10 

0027 33 

3329 107 

5173 8 

5400 36 

20 

0052 33 

3436 Js 

5181 5 

5436 36 

30 

0077 25 

3544 108 

5190 8 

5472 36 

40 

0102 33 

3652 log 

5198 9 

5508 3g 

50 

0127 26 

3761 109 

5207 8 

5544 37 

30 0 

IOI-OI53 

j 2-0043870 

IOI-5215 

2-0065581 
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TABLE IIlB 


Linear value, in feet and its logarithm, of p sin 1' and v sin 1" 

(Airy: compression 2^) 


Latitude 

P sin 1" 

Log p sin i' 

V sin I* 

Log V sin 1' 

0 

Diff. 

Diff. 

Diff. 

Diff. 

49 0 

101-3414 

2-0057868 

101-6343 

2-0070402 

10 

3443 29 

7993 126 

6353 g 

0444 42 

20 

3472 30 

8119 X25 

6362 

0486 

30 

3502 

8244 125 

6372 10 

0528 

40 

3531 29 

8369 xa6 

6382 

0570 4, 

50 

3560 ,g 

8495 X25 

6392 10 

0611 42 

50 0 

101-3589 2Q 

2-0058620 

101-6402 

2-0070653 

10 

3618 29 

8745 x24 

6411 

0695 4, 

20 

3647 30 

8869 ^25 

6421 jQ 

0736 42 

30 

3677 29 

8994 125 

6431 g 

0778 

40 

3706 29 

9119 ,24 

6440 

42 

50 

3735 29 

9243 x 24 

8450 10 

0861 

51 0 

101-3764 2g 

2-0059367 

101-6460 

2-0070902 

10 

3793 29 

9491 X 24 

6469 ,0 

0943 42 

20 

3822 28 

9615 X2J 

6479 10 

0985 41 

30 

3850 29 

9739 123 

6489 g 

1026 

40 

3879 29 


6498 ,0 

1067 4, 

50 

3908 ,g 

2-0059986 „3 

6508 

“08 4, 

52 0 

101-3937 29 

2-0060109 j23 

101-6518 g 

2-0071149 

10 

3966 ,8 

0232 

8527 10 

“90 4, 

20 

3994 29 

0355 123 

6537 g 

1231 4j 

30 

4023 29 

0478 X22 

6546 ,0 

1272 4, 

40 

4052 28 

0600 j23 

6556 ,0 

1313 4 , 

50 

4080 ,g 

0723 122 

6566 g 

1354 4, 

53 0 

101-4109 28 

2-0060845 j22 

101-6575 jj, 

2-0071395 40 

10 

4137 29 

0967 12I 

6585 g 

1435 4, 

20 

4166 j 

1088 j22 

6594 ,0 

^^476 Jo 

30 

4194 28 

1210 

^4 g 

^516 4, 

40 

4222 ^8 

1331 I 2 I 

6613 

1557 40 

50 

4250 29 

1452 X2I 

6623 g 

1597 40 

54 0 

101-4279 28 

2-0061573 J21 

101-6632 

2-0071637 

10 

4307 28 

1894 ,20 

6641 z 

1678 Jo 

20 

4335 28 

1814 

6651 g 

1718 40 

30 

4363 28 

^934 ,20 

6660 1 

1758 40 

40 

4391 28 

2054 120 

6669 

1798 40 

50 

4419 28 

2174 ,X 9 

6679 g 

^838 40 

55 0 

101-4447 

2-0062293 

IOI-6688 

2-0071878 
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Tables 


TABLE IIlB 

Linear value, in feet and its logarithm, of p sin 1' and v sin 1' 

(Airy) 


Latitude 

1 P sin i' 

Log p sin i' 

V sin i" 

Log V sin i" 


Diff. 

Diff. 

Diff. 

Diff. 

55 o 

101-4447 2 8 

2-0062293 

101-6688 

2-0071878 

10 

4475 28 

2413 „8 

6697 10 

1917 40 

20 

4503 27 

2531 

6707 g 

1957 39 

30 

4530 28 

2650 

6716 g 

1996 40 

40 

4558 28 

2769 II8 

6725 g 

2036 39 

50 

4586 

2887 I18 

6734 10 

2075 40 

56 o 

101-4613 ^8 

2-0063005 

101-6744 

2-O072I15 

10 

4641 27 

3122 „8 

6753 g 

2154 g 

20 

4668 J 

3240 

6762 1 

2193 3^ 

30 

t695 28 

3357 I16 

6771 9 

2232 39 

40 

4723 27 

3473 117 

6780 1 

2271 39 

50 

4750 27 

3590 I16 

6789 9 

2310 38 

57 o 

101-4777 27 

2-0063706 jjg 

101-6798 

2-0072348 39 

10 

4804 2- 

3822 I15 

6807 g 

2387 11 

20 

4831 27 

3937 I16 

6816 

2426 38 

30 

4858 27 

4053 I15 

6825 g 

2464 38 

40 

4885 27 

4168 

6834 1 

2502 38 

50 

4912 26 

4282 

6843 ' 

2540 39 

58 o 

101-4938 27 

2-0064397 

101-6852 

2-0072579 38 

10 

4965 27 

4511 113 

6861 1 

2617 

20 

4992 26 

4624 I14 

6870 1 

2654 38 

30 

5018 26 

4738 I13 

6879 g 

2692 38 

40 

5044 27 

4851 I12 

6888 1 

2730 37 

50 

5071 26 

4963 I13 

6897 8 

2767 38 

59 o 

101-5097 26 

2-0065076 

101-6905 g 

2-0072805 

10 

5123 26 

5188 

6914 9 


20 

5149 26 

5299 III 

6923 8 

2879 38 

30 

5175 26 

5410 

6931 g 

2917 37 

40 

5201 26 

5521 III 

6940 9 

2954 36 

50 

5227 26 

5632 

6949 8 

2990 37 

60 0 

101-5253 26 

2-0065742 

101-6957 

2-0073027 

lO 

5279 25 

5852 log 

6966 1 

3064 36 

20 

5304 26 

5961 I10 

6974 9 

3100 37 

30 

5330 25 

6071 108 

6983 8 

3137 36 

40 

5355 25 

6179 109 

6991 9 

3173 36 

50 

5380 26 

6288 ,08 

7000 8 

3209 36 

61 0 

101-3406 

2-0066396 

101-7008 

2-0073245 
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TABLE IV 


Values of Log ^ and Log (Clarke 1858) 

(These values may be used with other spheroids without appreciable error.) 


Latitude 


Diff. 

, 1 

Diff. 


I- 

16-58046 


31-33701 



3 

045 


700 



5 

044 

2 

697 



7 

042 


693 

6 


9 

039 


687 



II 

035 


680 

g 


13 

031 


672 

10 

The formulse for conversion of 

15 

026 


662 


Cassini Eastings to Transverse 

17 

021 


651 

12 

Mercator Eastings and vice versa 

19 

015 


639 


are :— 

21 

008 


626 

13 

^ , C» C* 

23 

001 

7 

8 

611 

15 


25 

•57993 

8 

596 

16 

27 

29 

31 

985 

977 

968 

8 

9 

9 

580 

563 

545 

17 

18 

18 

6v* 24V* 

33 

959 


527 

19 

where v is the normal at the 

35 

949 

10 

508 

20 

Latitude of the point under con¬ 

37 

939 

10 

488 

20 

sideration — 

39 

929 


468 

21 

C is the True Cassini Easting. 

41 

919 


447 

20 

M is the True Transverse Mer¬ 

43 

45 

909 

899 


427 

406 

21 

20 

cator Easting. 

47 

888 

10 

386 



49 

878 

10 

365 

20 


51 

868 

10 

345 

20 


53 

858 

10 

325 

20 


55 

848 

10 

305 

19 


57 

838 


286 

18 


59 

829 


268 

18 


61 

820 

8 

250 



63 

812 

8 

233 

>7 

13 


65 

804 

8 

216 


67 

796 


201 


69 

789 


186 




12 















478 


Tables 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Based on Clarke’s 1858 figure ; compression 2^4:3) 


Latitude 

P=i/p sin i" 
logP 

0=i/v sin i" 
log 0 

Log * 

® 2pv sin I* 

° 



Diff. 

Diff. 


Diff. 

0 

0 

3-9966885 


3-9937317 


_ 



10 

6884 


7317 


1^83869 

30103 


20 

6883 

2 

7316 

Q 

12-13972 

17610 


30 

6881 

2 

7316 

j 

31582 

12495 


40 

6879 


7315 


44077 

9692 


50 

6875 

4 

7314 

2 

53769 

7919 

1 

0 

3-9966871 


3-9937312 


i 7-6 i 688 

6697 


10 

6866 


7311 

2 

68385 

5801 


20 

6861 

6 

7309 

2 

74186 

5117 


30 

6855 

8 

7307 

3 

79303 

4578 


40 

6847 


7304 


83881 



50 

6840 

9 

7302 

3 

88023 

3781 

2 

0 

3-9966831 


3-9937299 


12-91804 

3480 


10 

6822 

10 

7296 

3 

_95284 

3221 


20 

6812 


7293 

4 

12-98505 

3000 


30 

6801 

12 

7289 

4 

11-01505 

2806 


40 

6789 

12 

7285 

4 

04311 

2637 


50 

6777 

13 

7281 

4 

06948 

2486 

3 

0 

3-9966764 


3-9937277 

5 

11-09434 

2353 


10 

6750 


7272 

5 

11787 

2232 


20 

6735 

1 5 

7267 

5 

14019 

2124 


30 

6720 

16 

7262 


16143 

2026 


40 

6704 

r? 

7257 

6 

18169 

1935 


50 

6687 

17 

7251 

6 

20104 

1854 

4 

0 

3-9966670 

19 

3-9937245 

6 

11-21958 

1779 


10 

6651 


7239 

6 

23737 



20 

6632 

19 

7233 

7 

25446 

1646 


30 

6613 


7226 

7 

27092 

1585 


40 

6592 

21 

7219 

7 

28677 

1531 


50 

6571 

22 

7212 

7 

30208 

1479 

5 

0 

3-9966549 

23 

3-9937205 

8 

11-31687 

1432 


10 

6526 

23 

7197 

7 

33119 

1386 


20 

6503 


7190 

8 

34505 

1344 


30 

6479 

25 

7182 

9 

35849 

1304 


40 

6454 

26 

7173 

8 

37153 

1267 


50 

6428 

26 

7165 

9 

38420 

1233 

6 

0 

3-9966402 


3-9937156 


11-39653 
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TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Clarke’s 1858 figure.) 


Latitude 

P=i/p sin i' 
logP 

0=i/v sin 
log 0 



° 2pv sin 

I' 

» 



Diff. 


Diff. 

Diff. 

6 

0 

3-9966402 


3-9937156 

9 

11-39653 

1197 


10 

6375 


7147 

9 

40850 

1168 


20 

6347 


7138 


42018 

1137 


30 

6318 


7128 

10 

43x55 

1108 


40 

6289 


7118 

10 

44263 

1083 


50 

6259 

31 

7108 

10 

45346 

1056 

7 

0 

3-9966228 

31 

3-9937098 

10 

11-46402 

1032 


10 

6197 

32 

7088 

IX 

47434 

1009 


20 

6165 

,, 

7077 


48443 

987 


30 

6132 

31 

7066 


49430 



40 

6098 

31 

7055 

12 

50394 

946 


50 

6064 

35 

7043 

II 

51340 

926 

8 

0 

3-9966029 

36 

3-9937032 

12 

11-52266 

906 


10 

5993 


7020 

13 

53172 

889 


20 

5956 

37 

7007 


54061 

873 


30 

5919 

38 

6995 

13 

54934 

855 


40 

5881 


6^2 

13 

55789 

840 


50 

5842 

39 

6969 

13 

56629 

825 

9 

o 

3-9965803 

40 

3-9936956 

13 

ii-57454 

809 


lO 

5763 

41 

6943 

14 

58263 

796 


20 

5722 

41 

6929 

14 

59059 

782 


30 

5681 

43 

6915 


59841 

769 


40 

5638 

43 

6901 

14 

60610 

756 


50 

5595 

43 

6887 

14 

61366 

745 

10 

0 

3-9965552 

45 

3-9936873 


11-62111 

732 


10 

5507 

45 

6858 


62843 

721 


20 

5462 

45 

6843 

jj 

63564 

710 


30 

5417 

47 

6828 

16 

64274 

699 


40 

5370 

47 

68i2 

16 

64973 

689 


50 

5323 

48 

6796 

16 

65662 

678 

11 

0 

39965275 

48 

3-9936780 

16 

11-66340 

670 


10 

5227 


6764 

16 

67010 

659 


20 

5178 

50 

6748 


67669 

651 


30 

5128 


6731 

*7 

68320 

641 


40 

5077 


6714 

17 

68961 

633 


50 

5026 

52 

6697 

17 

69594 

624 

12 

0 

3-9964974 


3-9936680 


11-70218 



4 













Tables 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Clarke’s 1858 figure.) 


Latitude 

P=i/p sin I" 
log P 

0= i/v sin 1" 
log 0 

tan 

2pv sin i" 

o 

Diff. 

Diff. 

Diff. 

12 0 

3-9964974 

3-9936680 j8 

11-70218 617 

10 

4921 53 

6662 

70835 608 

20 

4868 11 

6645 18 

71443 602 

30 

4814 „ 

6627 

72045 593 

40 

4759 55 

6608 J 

72638 586 

50 

4704 56 

6590 ,9 

73224 579 

13 o 

3-9964648 

3-9936571 

11-73803 572 

10 

4591 ” 

6552 ,9 

74375 566 

20 

4534 58 

6533 19 

74941 559 

30 

4476 59 

6514 20 

75500 353 

40 

4417 60 

6494 20 

76053 546 

50 

4357 60 

6474 20 

76599 540 

14 0 

3-9964297 

3-9936454 20 

“•77139 535 

10 

4237 62 

6434 20 

77674 528 

20 

4175 62 

6414 21 

78202 

30 

4113 62 

6393 21 

78726 5,7 

40 

4051 64 

6372 21 

79243 512 

50 

3987 64 

6351 21 

79755 508 

15 o 

3-9963923 64 

3-9936330 22 

ii-80263 30 j 

10 

3859 66 

6308 22 

80764 497 

20 

3793 66 

6286 

81261 

30 

3727' 66 

6264 22 

81753 487 

40 

3661 67 

6242 22 

82240 8 

50 

3594 68 

6220 23 

82723 479 

16 0 

3-9963526 

3-9936197 23 

11-83202 ^73 

10 

3457 69 

6174 23 

83675 469 

20 

3388 " 

6151 23 

84144 466 

30 

3318 

6128 ,3 

84610 460 

40 

3248 7, 

24 

85070 457 

50 

3177 72 

6081 24 

85527 453 

17 0 

3-9963105 72 

3-9936057 24 

11-85980 

10 

3033 73 

6033 24 

86 f 9 445 

20 

2960 

6009 25 

^874 44, 

30 

2887 \\ 

5984 24 

87315 439 

40 


5960 25 

87754 433 

50 

2738 \\ 

5935 25 

88187 ^3j 

18 0 

3-9962663 

3.9935910 

II-88618 
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TABLE V 


Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Clarke’s 1858 figure.) 


Latitude 

P= i/p sin 
log P 


0=i/v sin 1* 
log 0 

Loc ^ 

® 2pv sin i " 

= 


Diff. 

Diff. 

Diff. 

18 

0 

3-9962663 


3-9935910 

26 

11-88618 

427 


10 

2587 


5884 

26 

89045 

424 


20 

2510 


5858 

25 

89469 

420 


30 

2433 


5833 

26 

89889 

417 


40 

2355 

78 

5807 

26 

90306 

414 


50 

2277 

79 

5781 

26 

90720 


19 

0 

3-9962198 

-TO 

3-9935755 

27 

11-91131 

408 


10 

2119 

81 

5728 

27 

91539 

405 


20 

2038 


5701 

27 

91944 

402 


30 

1958 

82 

5674 

27 

- 92346 

399 


40 

1876 


5647 

27 

92745 

396 


50 

1795 

83 

5620 

27 

93141 

393 

20 

0 

3-9961712 

83 

3-9935593 

28 

ii-93534 

391 


10 

1629 

83 

5565 

28 

93925 

388 


20 

1546 

85 

5537 

28 

94313 

385 


30 

1461 

84 

5509 

28 

94698 

382 


40 

1377 

86 

5481 

28 

95080 

380 


50 

1291 

85 

5453 

29 

95460 

379 

21 

0 

3-9961206 

87 

3-9935424 

29 

11-95839 

375 


10 

1119 

87 

5395 

29 

96214 

373 


20 

1032 

87 

5366 

29 

96587 

370 


30 

0945 

88 

5337 

29 

96957 

388 


40 

0857 

89 

5308 

30 

97325 

366 


50 

0768 

89 

5278 

30 

97691 

363 

22 

0 

3-9960679 


3-9935248 

30 

ii-98o54 

362 


10 

0589 

lo 

5218 

30 

98416 



20 

0499 

91 

5188 

30 

98776 

357 


30 

0408 


5158 


99133 

355 


40 

0317 

92 

5128 

3* 

_ 99488 

353 


50 

0225 

92 

5097 

31 

11-99841 

351 

23 

0 

3-9960133 

93 

3-9935066 

31 

10-00192 

349 


10 

3-9960040 

93 

5035 

31 

00541 

347 


20 

3-9959947 

94 

5004 

31 

00888 

345 


30 

9853 


4973 

31 

01233 

343 


40 

9759 

Vs 

4942 

32 

01576 

342 


50 

9664 

96 

4910 

32 

01918 

339 

24 

0 

3-9959568 


3-9934878 


10-02257 
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Tables 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Clarke’s 1868 figure.) 


Latitude 

P=i/p sin 1* 
logP 

0==i/v sin I* 
logo 

T tan 0 

Log- X - 

® 2pv sir 

i i' 




Diff. 


Diff. 


Diff. 

24 

0 

3-9959568 


3-9934878 

32 

10-02257 

338 


10 

9472 


4846 

32 

02595 

336 


20 

9376 


4814 

32 

02931 

334 


30 

9279 


4782 

33 

03265 

333 


40 

9182 

98 

4749 

32 

03598 

331 


50 

9084 

99 

4717 

33 

03929 

329 

25 

0 

3-9958985 

98 

3-9934684 

33 

10-04258 

328 


10 

8887 


4651 

33 

04586 

326 


20 

8787 

100 

4618 

34 

04912 

324 


30 

8687 


4584 

33 

05236 

323 


40 

8587 


4551 

34 

05559 

322 


50 

8486 


4517 

33 

05881 

320 

26 

0 

3-9958385 


3-9934484 

34 

10-06201 

319 


10 

8283 

T02 

4450 

34 

06520 

317 


20 

8181 

102 

4416 

34 

06837 

315 


30 

8079 

103 

4382 

35 

07152 

315 


40 

7976 

104 

4347 

34 

07467 

313 


50 

7872 

104 

4313 

35 

07780 

311 

27 

0 

3-9957768 

104 

3-9934278 

35 

10-08091 

311 


10 

7664 

105 

4243 

35 

08402 

309 


20 

7559 

105 

4208 

35 

08711 

307 


30 

7454 

io 6 

4173 

35 

09018 

307 


40 

7348 

106 

4138 

35 

09325 

305 


50 

7242 

107 

4103 

36 

09630 

304 

28 

0 

3-9957135 

107 

3-9934067 

36 

10-09934 

303 


10 

7028 

107 

4031 

35 

10237 

302 


20 

6921 

108 

3996 

36 

10539 

300 


30 

6813 

108 

3960 

36 

10839 

299 


40 

6705 


3924 


11138 

298 


50 

6596 

109 

3887 

36 

11436 

297 

29 

0 

3-9956487 

109 

3-9933851 

36 

10-11733 

296 


10 

6378 


3815 

37 

12029 

295 


20 

6268 

no 

3778 

37 

12324 

294 


30 

6158 

III 

3741 

37 

12618 

293 


40 

6047 

III 

3704 

37 

12911 

291 


50 

5936 

III 

3667 

37 

13202 

291 

30 

0 

3-9955825 


3-9933630 


io-13493 
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TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Tra^formation of Co-ordinates. 


(Clarke’s 1858 figure.) 


Latitude 

P=i/p sin I* 
log P 

0=i/vsini‘' 
log 0 

- tan A 

Log-j-—j— 

° 2pv sin I 

0 

Diff. 

Diff. 

_ Diff. 

30 o 

3-9955825 

3-9933630 37 

10-13493 290 

10 

5713 

3593 ,7 

13783 

20 

5601 

3556 % 

'4072 .87 

30 

5489 X13 

3518 

14359 287 

40 


3481 38 

14646 286 

50 

5263 „4 

3443 38 

14932 285 

31 0 

3-9955149 114 

3-9933405 38 

10-15217 285 

lO 

5035 „4 

3367 38 

15502 ^83 

20 

”5 

3329 38 

15785 283 

30 

4806 j 

3291 39 

16068 ,8x 

40 

4691 „5 

3252 38 

16349 281 

50 

4576 „5 

3214 38 

16630 28„ 

32 0 

3-9954461 

3-9933176 39 

^•^6910 

lO 

4345 II- 

3137 39 

17189 279 

20 

4228 iiJ 

3098 11 

17468 J.l 

30 

4112 

3059 39 

17745 276 

40 

3995 I17 

3020 

18021 

50 

3878 118 

298X 11 

18298 4; 

33 0 

3-9953760 „8 

3-9932942 39 

10-18573 

10 

3642 I18 

40 

18848 

20 

3524 I18 

2 f 3 39 

19122 ,^3 

30 

3406 iig 

2824 40 

19395 272 

40 

3287 I19 

2784 39 

19667 . . 

50 

3168 iig 

2745 40 

>9939 

34 0 

3-9953049 120 

3-9932705 40 

I 0 - 202 II 271 

10 

2929 120 

2665 40 

20482 „o 

20 

2809 

2625 40 

20752 ^69 

30 

2689 

2585 Jo 

21021 

40 

2568 

2545 40 

21289 269 

50 

2448 121 

2505 41 

21558 ^67 

35 0 

3-9952327 ,21 

3-9932464 40 

W-21825 

10 

2206 

2424 41 

22092 266 

20 

2084 

2383 40 

22358 266 

30 

1962 

2343 41 

22624 266 

40 

1840 

2302 

22890 265 

50 

1718 

2261 40 

23155 26^ 

36 0 

3-9951596 

3-9932221 

10-23418 
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Tables 


TABLE V 


Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Clarke’s 1858 figure.) 


Latitude 

P=i/p sin i" 
log P 

0= i/v sin i' 
log 0 

Lor 

® 2pv sin i' 

c 

, Diff. 

Diff. 

— Diff. 

36 0 

3-9951596 j 

3-9932221 

10-23418 ,64 

10 

1473 „ 

2180 

23682 

20 

1350 ,,3 

2139 4, 

23946 263 

30 

1227 1,3 

2098 

24209 262 

40 


2057 42 

24471 262 

50 

0980 

2015 4, 

24733 261 

37 0 

3-9950856 

3-9931974 41 

10-24994 261 

10 

0732 

1933 42 

25255 261 

20 

0608 

1891 4 

25516 260 

30 

0484 125 

1850 42 

25776 260 

40 

0359 X 25 

1808 4 

26036 ,35 

50 

0234 ,.3 

1767 42 

26295 259 

38 0 

3-9950109 

3-9931725 42 

10-26554 258 

10 

3-9949984 

^883 4, 

26812 8 

20 

9859 ,26 

1642 

27070 259 

30 

9733 126 

1600 

27329 257 

40 

9607 1,5 

1558 4 

27586 257 

50 

9482 

1516 42 

^7843 

39 0 

3-9949356 

3-9931474 42 

10-28100 g 

10 

9229 ,26 

1432 4, 

28356 257 

20 

9103 ,26 

1390 42 

28613 25I 

30 

!977 127 

"348 43 

28868 ,3g 

40 

f 5 o ,4 

1305 42 

29124 255 

50 

8723 ,27 

1263 

29379 255 

40 o 

3-9948596 

3-9931221 

10-29634 

lO 

8469 ,27 

^^78 

29889 254 

20 

8342 ,27 

”36 

3°^43 255 

30 

8215 ,28 

1094 43 

30398 253 

40 

8087 ,27 

1051 42 

30651 254 

50 

7960 

1009 ^3 

30905 254 

41 0 

3-9947832 

3-9930966 ^3 

^^•31159 254 

10 

7704 ,27 

0923 42 

31413 252 

20 

7577 ,28 

0881 

31665 253 

30 

7449 ,28 

0838 

31918 2L 

40 

7321 ,29 

0796 43 

32171 252 

50 

7192 ,28 

0753 43 

32423 253 

42 0 

3-9947064 

3-9930710 

10-32676 
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TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Clarke’s 1858 figure.) 


Latitude 

P=i/p sin i' 
logP 

0=i/v sin i' 
logo 

^ tan < f > 

Log - 4 — 

2pv sm 

1' 


' 


Diff. 


Diff. 


Diff. 

42 

0 

3-9947064 

128 

3-9930710 


10-32676 

252 


10 

6936 


0667 

43 

32928 

251 


20 

6807 


0624 

42 

33179 

253 


30 

6679 


0582 

43 

33432 

252 


40 

6551 


0539 

43 

33684 

252 


50 

6422 

129 

0496 

43 

33936 

251 

43 

0 

39946293 

128 

3-9930453 

43 

10-34187 

252 


10 

6165 


0410 

43 

34439 

252 


20 

6036 

T70 

0367 

43 

34691 

251 


30 

5907 

T70 

0324 

43 

34942 

251 


40 

5778 


0281 

43 

35193 

251 


50 

5649 

129 

0238 

43 

35444 

252 

44 

0 

3-9945520 

128 

3-9930195 

42 

10-35696 

250 


10 

5392 

129 

0153 

43 

35946 

251 


20 

5263 

129 

0110 

43 

36197 

252 


30 

5134 

129 

0067 

43 

36449 

251 


40 

5005 


0024 


36700 

250 


50 

4876 

129 

3-9929981 

43 

36950 

251 

45 

o 

3-9944747 

129 

3-9929938 

43 

10-37201 

252 


10 

4618 

129 

9895 

43 

37453 

250 


20 

4489 


9852 


37703 

251 


30 

4360 

129 

9809 

43 

37954 

251 


40 

4231 

129 

9766 

43 

38205 

251 


50 

4102 

129 

9723 

43 

38456 

251 

46 

0 

3-9943973 


3-9929680 

43 

10-38707 

252 


10 

3844 

129 

9637 

43 

38959 

251 


20 

3715 

129 

9594 

43 

39210 

251 


30 

3586 

129 

9551 

43 

39461 

251 


40 

3457 

129 

9508 


39712 



50 

3328 

129 

9465 

43 

39964 

^51 

47 

0 

3-9943199 

128 

3-9929422 

43 

10-40215 

252 


10 

3071 


9379 

43 

40467 

252 


20 

2942 

128 

9336 

43 

40719 

252 


30 

2814 

129 

9293 

43 

40971 

251 


40 

2685 

128 

9250 

43 

41222 

252 


50 

2557 

129 

9207 

42 

41474 

253 

48 

0 

3-9942428 


3-9929165 


10-41727 














Tables 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Clarke's 1868 figure.) 


Latitude 

P=i/p sin i' 
log P 

0-i/v sin I' 
log 0 

T tan < l > 

Log -r--; 

° 2pv sm I 

o 

„ Diff. 

Diff. 

- Diff. 

48 0 

3-9942428 „8 

3-9929165 ^3 

10-41727 232 

10 

2300 „8 

9"22 43 

4"979 25. 

20 

2172 

9079 43 

42231 ,54 

30 

2043 128 

9036 42 

42485 253 

40 

^915 1,8 

8994 43 

42738 ,5^ 

50 

1787 1,7 

8951 J2 

42990 254 

49 0 

3-9941660 „8 

3-9928909 

10-43244 254 

10 

"532 ,,8 


43498 2^ 

20 

"404 „7 


43752 253 

30 

"277 128 

8781 

44005 25 

40 

""49 ,27 


44259 255 

50 

"022 

8696 42 

44514 254 

50 0 

3-9940895 

3-9928654 

10-44768 255 

10 

0768 ,4 

8611 J2 

45023 256 

20 

0641 ,27 

8569 42 

45279 256 

30 

0514 ,27 

8527 43 

45535 2S4 

40 

0387 x26 

8484 11 

45790 

50 

0261 

8442 42 

46046 

51 0 

3-9940134 

3-9928400 

10-46303 237 

10 

3-9940008 

8358 4, 

46560 257 

20 

3-9939882 „g 

8316 4, 

46817 257 

30 

9756 ,26 

8274 J2 

47074 258 

40 

9630 

8232 4, 

47332 258 

50 

9505 ,25 

8"90 42 

47590 259 

52 0 

3-9939380 j^g 

3-9928148 

10-47849 259 

10 

9254 ,25 

8"07 42 

48108 

20 

9"29 ,24 

8065 

48367 260 

30 

9005 ,25 

8024 4, 

48627 ^g„ 

40 

8880 ,4 

7982 4, 

48887 ,g„ 

50 

8755 ,24 

7940 4, 

49147 261 

53 0 

3-9938631 

3-9927899 41 

10-49408 262 

lO 


7858 % 

49670 261 

20 

..3 

78"6 4j 

49931 263 

30 


7775 41 

50194 263 

40 

8136 ,,3 

7734 4, 

50457 263 

50 

8°"3 x 4 

7693 4, 

50720 263 

54 0 

3-9937890 

3-9927652 

10-50983 
















Tables 


487 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Clarke’s 1858 figure.) 


Latitude 

P= i/p sin i' 
logP 

0=i/v sin I* 
log 0 

tan J > 

Log -? — s 

° 2pv sm I 

o 

Diff. 

Diff. 

— 0 Diff- 

54 0 

3-9937890 ^22 

3-9927652 

10-50983 263 

10 

7768 

7611 41 

51248 265 

20 

7645 122 

7570 40 

51513 *66 

30 

7523 122 

7530 

51779 *66 

40 

7401 

7489 4X 

52045 *65 

50 

7279 X2I 

7448 40 

52310 267 

55 0 

3-9937158 

3-9927408 

io-52577 268 

10 

7036 X2I 

7367 40 

52845 *68 

20 

6915 120 

7327 40 

53113 268 

30 

6795 X2I 

7287 40 

53381 

40 

6674 120 

7247 40 

53651 *70 

50 

6554 120 

7207 40 

53921 *7x 

56 o 

3-9936434 

3-9927167 40 

10-54192 *7x 

10 

6314 1x9 

7127 40 

54463 *7x 

20 

6195 XX9 

7087 40 

54734 *73 

30 

6076 XI9 

7047 39 

55007 *74 

40 

5957 X18 

7008 

55281 ,7^ 

50 

5839 X18 

6968 „ 

55555 275 

57 0 

3-9935721 „8 

3-9926929 40 

10-55830 275 

10 

5603 118 

6889 3, 

56105 *75 

20 

5485 X17 

6850 

56380 "7 

30 

5368 

6811 11 

56657 *78 

40 

5251 1x7 

6772 9 

56935 *79 

50 

5134 X16 

6733 38 

57214 *79 

58 0 

3-9935018 

3-9926695 

10-57493 *80 

10 

4902 

6656 

57773 *80 

20 

4786 

6617 38 

58053 *82 

30 

4671 XX5 

6579 38 

58335 *82 

40 

4556 XX4 

6541 39 

58617 *84 

50 

4442 xxl 

6502 38 

58901 284 

59 0 

3-9934327 ,,4 

3-9926464 8 

10-59185 285 

lO 

4213 ,,3 

6426 

59470 286 

20 

4100 , 

6389 38 

59756 287 

30 

3987 XX 3 

6351 38 

60043 288 

40 

3874 XX3 

6313 37 

60331 289 

50 

3761 112 

6276 ll 

60620 289 

60 0 

1 3-9933649 

3-9926238 

10-60909 
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Tables 


TABLE V 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Clarke’s 1858 figure.) 


Latitude 

P= i/p sin i" 
log P 

0 =i/v sin i" 
log 0 

- tan 

Log-^ 

° 2p V sin 

I' 


' 


Diff 


DifiE. 


Diff. 

60 

0 

3-9933649 


3-9926238 


10-60909 



10 

3538 

II2 

6201 

37 

61200 

292 


20 

3426 

III 

6164 

37 

61492 

293 


30 

3315 


6127 

37 

61785 

294 


40 

3205 


6090 


62079 

294 


50 

3094 

109 

6053 

36 

62373 

296 

61 

0 

3-9932985 


3-9926017 

37 

10-62669 

297 


10 

2875 


5980 

36 

62966 

298 


20 

2766 


5944 

36 

63264 

300 


30 

2658 

109 

5908 

36 

63564 

300 


40 

2549 

107 

5872 

36 

63864 

302 


50 

2442 

108 

5836 

36 

64166 

302 

62 

0 

3-9932334 

107 

3-9925800 

36 

10-64468 

304 


10 

2227 

106 

5764 

35 

64772 

305 


20 

2121 

106 

5729 

36 

65077 

307 


30 

2015 

106 

5693 

35 

65384 

308 


40 

1909 

105 

5658 


65692 

309 


50 

1804 

105 

5623 

35 

66001 

310 

63 

0 

3-9931699 

104 

3-9925588 

35 

10-66311 

311 


10 

1595 

104 

5553 

34 

66622 

313 


20 

1491 

104 

5519 

35 

66935 

315 


30 

1387 

103 

5484 

34 

67250 

315 


40 

1284 

102 

5450 


67565 

317 


50 

1182 

103 

5416 

34 

67882 

319 

64 

0 

3-9931079 


3-9925382 


10-68201 

320 


10 

0978 

101 

5348 

n 

68521 

321 


20 

0877 

101 

5314 

33 

68842 

323 


30 

0776 

100 

5281 

34 

69165 

325 


40 

0676 

100 

5247 

33 

69490 

326 


50 

0576 

99 

5214 

33 

69816 

328 

65 

0 

3-9930477 


3-9925181 


10-70144 


















Tables 


TABLE Va 


Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Based on Everest’s first figure : compression 


Latitude 

P=i/p sin i" 
log P 

0=i/v sin i" 
log 0 

T tan S 

Log -4 -— 

® 2pv sm I 

o 

Diff. 

- 0 ^ 

Diff. 

0 0 

3-9966950 j 

3-9938026 „ 


10 

6949 I 

8026 j 

£3-83877 30103 

20 

6948 j 

8025 0 

12-^3980 

30 

6947 3 

8025 j 

31590 ,,495 

40 

6944 3 

8024 j 

44085 9692 

50 

6941 4 

8023 j 

53777 7919 

1 0 

3-9966937 ^ 

3-9938022 2 

12-61696 gggg 

10 

6932 6 

8020 2 

68392 5801 

20 

6926 6 

8018 2 

74193 51,8 

30 

6920 

8016 2 

79311 4578 

40 

6913 7 

8014 

83889 ' 

50 

6906 ; 

8011 3 

88030 378, 

2 0 

3-9966897 

3-9938008 3 

Ii-9i8i2 3^7^ 

lO 

6888 

8005 3 

_ 95291 3222 

20 

6878 ,0 

8002 3 

12-98513 2999 

30 

6868 ,, 

7999 4 

11-01512 2807 

40 

6856 

7995 4 

04319 2637 

50 

6844 J3 

7991 5 

06956 2486 

3 0 

3-9966831 

3-9937986 ^ 

“•09442 2353 

lO 


7982 3 

1^795 2232 

20 

6804 

7977 5 

14027 2124 

30 

6789 ,6 

7972 5 

16151 2025 

40 

6773 ,6 

7967 5 

18176 ,536 

50 

6757 18 

7962 6 

20II2 ,83^ 

4 0 

3-9966739 

3-9937956 6 

ii-21966 jyyg 

10 

6722 ,, 

7950 6 

23744 1710 

20 

6703 x9 

7944 , 

25454 X645 

30 

6684 ,0 

7937 6 

27099 . X586 

40 

6664 ,, 

7931 7 

28685 ,53, 

50 

6643 

7924 8 

30216 

6 0 

3-9966621 

3-9937916 7 

11-31695 

lO 

6599 aj 

7909 8 

33126 

20 

6576 ,3 

7901 7 

34513 X344 

30 

6553 25 

7894 0 

35857 x^J 

40 


7885 8 

37161 ,^7 

50 

6503 26 

7877 9 

38428 ,,3, 

6 0 

3-9966477 

3-9937868 

11-39660 


















Tables 


TABLE Va 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Everest’s 1 st figure.) 


Latitude 

P=i/p sin i' 
logP 

0=i/v sin i' 
logo 

_ tan d ) 

Log - 4-— a 

° 2pv sm I 

o 

Diff. 

Diff. 

- Diff- 

6 0 

3-9966477 

3-9937868 8 

11-39660 iig^ 

10 

6451 27 

7860 

40859 1,67 

20 

6424 28 

7851 10 

42026 1137 

30 

6396 29 

7841 9 

43163 1109 

40 

6367 29 

7832 10 

44272 1082 

50 

6338 30 

7822 

45354 1056 

7 0 

3-9966308 

3-9937812 

1I-46410 i„32 

10 

6277 32 

7802 j j 

47442 1009 

20 

,6245 32 

7791 „ 

48451 986 

30 

^^"3 33 

7780 „ 

49437 966 

40 

6^80 33 

7769 II 

945 

50 

6147 11 

7758 II 

51348 925 

8 0 

3-9966112 

3-9937747 12 

11-52273 907 

lO 

6077 36 

7735 12 

53180 889 

20 

6041 36 

7723 12 

54069 873 

30 

6005 

7711 12 

54942 855 

40 

5968 11 

7699 13 

55797 840 

50 

5930 38 

7686 i^ 

56637 824 

9 o 

3-9965892 

3-9937673 13 

ii-57461 810 

10 

5852 1 

7660 ij 

58271 796 

20 

5812 

7647 14 

59067 782 

30 

5772 4, 

7633 14 

59849 769 

40 

5731 42 

7619 14 

60618 

50 

5689 :3 

7605 14 

61375 744 

10 0 

3-9965646 44 

3-9937591 14 

n-62119 73, 

10 

5602 

7577 15 

62851 7,1 

20 

5558 4J 

7562 15 

63572 710 

30 

5514 46 

7547 15 

64282 899 

. 40 

5468 % 

7532 15 

64981 689 

50 

5422 

7517 16 

65670 678 

11 o 

3-9965375 47 

3-9937501 

iI-66348 670 

10 

5328 % 

7485 16 

67018 655 

20 

5280 

7469 16 

67677 651 

30 

5231 50 

7453 17 

68328 641 

40 

5181. 

7436 16 

^969 633 

50 

5131 51 

7420 ly 

69602 625 

12 0 

3-9965080 

3-9937403 

11-70227 


















Tables 


491 


TABLE Va 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-orc^ates. 


(Everest’s 1 st figure.) 


Latitude 

P=i/p sin 1* 
logP 

0= l/v sin 
log 0 


tan d > 

Log-?— 

° 2 pv sin 1 


' 


Diff. 


Diff. 

- Diff. 

12 

0 

3-9965080 


3-9937403 

17 

11-70227 

616 


10 

5029 


7386 

18 

70843 



20 

4977 


7368 

17 

71452 

601 


30 

4924 


7351 

18 

72053 

593 


40 

4870 

'll 

7333 

x8 

72646 

586 


50 

4816 

55 

7315 

19 

73232 

579 

13 

0 

3-9964761 


3-9937296 

18 

11-73811 

572 


10 

4706 


7278 

19 

74383 

566 


20 

4650 


7259 

19 

74949 

559 


30 

4593 

58 

7240 

19 

75508 

553 


40 

4535 

58 

7221 

19 

76061 

547 


50 

4477 

58 

7202 


76608 

540 

14 

0 

3-9964419 

60 

3-9937182 


£1-77148 



10 

4359 

60 

7162 

20 

77682 

529 


20 

4299 

61 

7142 

20 

78211 

523 


30 

4238 

61 

7122 

20 

78734 

517 


40 

4177 

62 

7102 

21 

79251 



50 

4115 

62 

7081 

21 

79763 

508 

15 

0 

3-9964053 

64 

3-9937060 

21 

11-80271 

502 


10 

3989 

64 

7039 

21 

80773 

497 


20 

3925 

64 

7018 

22 

81270 

492 


30 

3861 

65 

6996 

21 

81762 

487 


40 

3796 

66 

6975 

22 

82249 

483 


50 

3730 

66 

6953 

22 

82732 

478 

16 

0 

3-9963664 

67 

3-9936931 

23 

11-83210 

474 


10 

3597 

68 

6908 

22 

83684 

469 


20 

3529 

68 

6886 

23 

84153 

465 


30 

3461 

69 

6863 

23 

84618 

461 


40 

3392 

69 

6840 

*3 

85079 

457 


50 

3323 

71 

6817 

24 

85536 

453 

17 

o 

3-9963252 


3-9936793 

23 

1I-85989 

449 


lO 

3182 

72 

6770 

24 

86438 

445 


20 

3110 

71 

6746 


86883 



30 

3039 

73 

6722 

n 

87324 

437 


40 

2966 

73 

6698 

24 

87761 

434 


50 

2893 

74 

6674 

25 

88195 

432 

18 

0 

3-9962819 


3-9936649 


11-88627 
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Tables 


TABLE Va 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Everest’s 1 st figure.) 


Latitude 

P=i/p sin 
log P 

i" 

0=i/v sin i" 
log 0 

Log f 

° 2pv sm 

I" 

o 

' 


Diff. 


Diff. 


Diff. 

18 

0 

3-9962819 


3.9936649 


11-88627 

428 


10 

2745 

W 

6624 

25 

89055 

424 


20 

2670 

75 

6599 

25 

89479 

419 


30 

2595 

76 

6574 

25 

89898 

416 


40 

2519 


6549 

26 

90314 

414 


50 

2442 

77 

6523 

25 

90728 

412 

19 

0 

3-9962365 

78 

3-9936498 

26 

11-91140 

409 


10 

2287 

78 

6472 

26 

91549 

405 


20 

2209 

79 

6446 

27 

91954 

401 


30 

2130 

80 

6419 

26 

92355 

398 


40 

2050 

80 

6393 

27 

92753 

396 


50 

1970 

80 

6366 

27 

93149 

394 

20 

0 

3-9961890 

82 

3-9936339 

27 

11-93543 

391 


10 

1808 

81 

6312 

27 

93934 

388 


20 

1727 

83 

6285 

28 

94322 

385 


30 

1644 

83 

6257 

27 

94707 

383 


40 

1561 

83 

6230 

28 

95090 

380 


5 P 

1478 

84 

6202 

28 

95470 

378 

21 

0 

3-9961394 

84 

3-9936174 

28 

li-95848 

375 


10 

1310 

85 

6146 

29 

96223 

373 


20 

1225 

86 

6117 

28 

96596 

370 


30 

1139 

86 

6089 

29 

96966 

368 


40 

1053 

87 

6060 


97334 

366 


50 

0966 

87 

6031 

29 

97700 

364 

22 

0 

3-9960879 

88 

3-9936002 

29 

j I-98064 

362 


10 

0791 

88 

5973 

29 

98426 

359 


20 

0703 

89 

5944 

30 

^785 

357 


30 

0614 

89 

5914 

30 

99142 

355 


40 

0525 


5884 

30 

_ 99497 

353 


50 

0435 

90 

5854 

30 

11-99850 

351 

23 

0 

3-9960345 

91 

3-9935824 

30 

10-00201 

349 


10 

0254 


5794 

30 

00550 

347 


20 

0163 

92 

5764 

31 

00897 

34« 


30 

3-9960071 

93 

5733 

31 

01243 

344 


40 

3.9959978 


5702 

31 

01587 

341 


50 

9886 

94 

5671 

31 

01928 

339 

24 

0 

3-9959792 


3-9935640 


10-02267 
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TABLE Va 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Everest’s 1st figure.) 


Latitude 

P=i/p sin i' 
logP 

0=i/v sin i" 
log 0 

T tan < t > 

Log - ?—n 

2pv sin I 

24 0 

Diff. 

3-9959792 

Difi. 

3-9935640 

- ^ Diff. 

10-02267 ,38 

lO 

» 

5609 3, 

02605 ”, 

20 

9604 55 

5577 31 

°^94i 334 

30 

40 

9509 ,5 

9414 96 

5546 3, 

5514 3, 

°3275 333 

03608 III 

03939 3,, 

10-04268 

50 

25 0 

9318 56 

3-9959222 

54 *^ 1 . 

3-9935450 
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Tables 


TABLE Vb 

Logarithms for facilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 


(Based on Airy’s figure ; compression 


Latitude 

P=i/p sin i" 
logP 

0= i/v sin 1" 
log 0 

- tan (k 

Log - 4 — „ 

2pv sin I 

o 

Diff. 

0 Diff. 

Diff. 

49 0 

3-9942132 

3-9929598 

10-43255 254 

10 

2007 126 

9556 42 

43509 254 

20 


9514 42 

43763 254 

30 

ip6 

9472 42 

44017 254 

40 

1631 „6 

9430 

44271 255 

50 

1505 125 

9389 42 

44526 3 g^ 

50 0 

3-9941380 

3-9929347 ^3 

£3-44780 . 255 

10 

1255 124 

9305 41 

45035 256 

20 

II3I ,25 

9264 42 

45291 255 

30 

1006 ^ 

9222 j 

45546 256 

40 

0881 ,,, 

9181 42 

45802 3g6 

50 

0757 124 

9139 41 

46058 257 

51 0 

10 

20 

30 

3-9940633 ^ 

0509 

0385 

0261 * 

3-9929098 

9057 42 
9015 41 
8974 41 

10-46315 257 

46572 257 

46829 357 

47086 3g8 

40 

0138 

8933 41 

47344 258 

50 

3-9940014 J23 

8892 

47602 3gg 

555 0 

3-9939891 j 

5-9928851 

£0-47861 3gg 

10 

9768 1^3 

8810 4j 

48120 3gg 

20 

9645 123 

8769 41 

48379 260 

30 

9522 122 

8728 

48639 260 

40 

9400 j,3 

8687 4, 

48899 361 

50 

9277 122 

8646 4j 

49160 261 

53 0 

3-9939155 122 

5-9928605 40 

10-49421 261 

10 

9033 121 

8565 41 

49682 362 

20 

8912 j 2 2 

8524 40 

49944 262 

30 

8790 j 2 j 

8484 41 

50206 363 

40 

8669 J2I 

8443 40 

50469 263 

50 

54 0 

10 

20 

30 

40 

8548 121 

3-9938427 

8306 

8186 

8066 

7946 120 

8403 40 

3-9928363 

8322 

8282 

8242 

8202 

50732 264 

10-50996 265 

51261 

51525 266 

51791 266 

52057 266 

50 

55 0 

7826 

3-9937707 

8162 

3-9928122 

52323 267 

10-52590 
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TABLE Vb 

Logarithms for f^ilitating Computation of Latitudes, Longitudes, Reverse 
Azimuths and Transformation of Co-ordinates. 

(Airy’s figure.) 


Latitude 

p=i/p sir 
logP 

I* 

0=i/v sir 
log 0 

1 I* 

T tan 6 

Log- 

2pv sin 

1" 

55 

0 

3-9937707 

Diff. 

3-9928122 

Diff. 

10-52590 

Diff. 

268 


10 

7587 

118 

8083 

40 

52858 

268 


20 

7469 


8043 

39 

53126 



30 

7350 


8004 

40 

53395 

269 


40 

7231 

ii8 

7964 

39 

53664 

270 


50 

7113 

ii8 

7925 

40 

53934 

271 

56 

0 

3-9936995 


3-9927885 


10-54205 



lO 

6878 

118 

7846 

39 

54476 

272 


20 

6760 


7807 

39 

54748 

272 


30 

6643 

II6 

7768 

39 

55020 

274 


40 

6527 

TT7 

7729 

39 

55294 

274 


50 

6410 

I 16 

7690 

38 

55568 

274 

57 

0 

3-9936294 

I16 

3-9927652 


10-55842 

276 


10 

6178 


7613 

39 

56118 

276 


20 

6063 

II6 

7574 

38 

56394 



30 

5947 


7536 

38 

56671 

277 


40 

5832 

II4 

7498 

38 

56948 

279 


50 

5718 

II5 

7460 

39 

57227 

279 

58 

0 

3-9935603 

II4 

3-9927421 

38 

10-57506 

280 


10 

5489 

I 13 

7383 


57786 

281 


20 

5376 


7346 

38 

58067 

281 


30 

5262 

II3 

7308 

38 

58348 

283 


40 

5149 


7270 

37 

58631 

283 


50 

5037 

II3 

7233 

38 

58914 

284 

59 

0 

3-9934924 

II2 

3-9927195 


10-59198 

285 


10 

4812 

III 

7158 

37 

59483 

286 


20 

4701 

III 

7121 

38 

59769 

287 


30 

4590 

III 

7083 


60056 

288 


40 

4479 

III 

7046 

36 

60344 

289 


50 

4368 

no 

7010 

37 

60633 


60 

0 

3-9934258 

no 

3-9926973 


10-60923 



10 

4148 

109 

6936 

30 

61214 

291 


20 

4039 


6900 


61505 

293 


30 

3929 

108 

6863 

36 

61798 • 

294 


40 

3821 

109 

6827 

36 

62092 

295 


50 

3712 

108 

6791 

36 

62387 

296 

61 

0 

3-9933604 


3-9926755 


10-62683 
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TABLE VI 


Table showing the value of p, q, r for the computation of rectangular spheroidal 
co-ordinates. 


Argu- 

ment 

lOOOO 

Arguments 

Argu- 

ment 

10000 

Arguments. 

x'X 

x ' — X 

y' ~y 

x ' +x 

x ' — X 

y -y 

P 

9 

r 

P 

9 


5 

4 

I 

3 

30 

III 

37 

74 

6 

5 

2 

3 

31 

119 

40 

79 

7 

6 

2 

4 

32 

127 

42 

85 

8 

8 

3 

5 

33 

135 

45 

90 

9 

10 

4 

6 

34 

143 

48 

95 

lO 

12 

4 

8 

35 

152 

51 

lOI 

II 

15 

5 

10 

36 

160 

53 

107 


18 

6 

12 

37 

169 

56 

113 

13 

21 

7 

14 

38 

179 

60 

119 

14 

24 

8 

16 

39 

188 

63 

126 

15 

28 

9 

19 

40 

198 

66 

132 

16 

32 

II 

21 

41 

208 

69 

139 

17 

36 

12 

24 

42 

218 

73 

146 

18 

40 

13 

27 

43 

229 

76 

153 

19 

45 

15 

30 

44 

240 

80 

160 

20 

50 

17 

33 

45 

251 

84 

167 


55 

18 

36 

46 

262 

87 

175 

22 

60 

20 

40 

47 

273 

91 

182 

23 

65 

22 

44 

48 

285 

95 

190 

24 

71 

24 

48 

49 

297 

99 

198 

25 

77 

26 

52 

50 

309 

103 

206 

26 

84 

28 

56 

51 

322 

107 

215 

27 

90 

30 

60 

52 

335 

112 

223 

28 

97 

32 

65 

53 

348 

116 

232 

29 

104 

35 

69 

54 

361 

120 

241 

30 

III 

37 

74 

55 

374 

125 

250 


This table is made out for Latitude 52 ° 10 ' but may be used for topographical 
work in other latitudes without any errors of consequence. 

The formulae for calculating p, q and r are :— 
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TABLE VII 

Computation of Trigonometrical Heights 


Angle K , for Use in Computing Heights when only One Angle has been Observed . 


Distance between Stations in feet 

K 

1,000 . 

0 4 

2,000 . 

0 9 

3.000 . 

0 13 

4,000 . 

0 17 

5.000 . 

0 21 

6,000 . 

0 26 

7,000 . 

0 30 

8,000 . 

0 34 

9,000 . 

0 38 

10,000 . 

0 43 

20,000 . 

I 25 

30,000 . 

2 8 

40,000 . 

2 50 

50,000 .. . 

3 33 

60,000 . 

4 15 

70,000 . 

4 58 

80,000 . 

5 40 

90,000 . 

6 23 

100,000 . 

7 5 


The value of the coefficient of refraction has been found on the average to 
be about 0 07 . It is with this value that the above table has been computed. 
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TABLE VIII 


Dip of the Sea Horizon 


Height of Eye 

Dip 

Height of Eye 

Dip 

ft. 


-- 

ft. 



I 

0 

59 

26 

5 

01 

2 

I 

23 

27 

5 

07 ' 

3 

I 

42 

28 

5 

12 

4 

I 

58 

29 

5 

18 

5 

2 

12 

30 

5 

23 

6 

2 

25 

31 

5 

29 

7 

2 

36 

32 

5 

34 

8 

2 

47 

33 

5 

39 

9 

2 

57 

34 

5 

44 

10 

3 

07 

35 

5 

49 

II 

3 

16 

36 

5 

54 

12 

3 

25 

37 

5 

59 

13 

3 

33 

38 

6 

04 

14 

3 

41 

39 

6 

08 

15 

3 

49 

40 

6 

13 

i6 

3 

56 

41 

6 

18 

17 

4 

03 

42 

6 

23 

i8 

4 

10 

43 

6 

27 

19 

4 

17 

44 

6 

32 

20 

4 

24 

45 

6 

• 36 

21 

4 

31 

46 

6 

40 

22 

4 

37 

47 

6 

45 

23 

4 

43 

48 

6 

49 

24 

4 

49 

49 

6 

53 

25 

4 

55 

50 

6 

58 


Calculated with a coefficient of refraction of 0 077 . 


Abnormal Refraction may alter these values considerably. 
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TABLE IX 

Dip of a Shore Horizon 


Distance of 
Land in 
Nautical 
Miles 



Height of Eye i 

n feet 




5 

10 

15 

20 

25 

30 

35 

40 

0-5 

5 50 

II 30 

17 10 

22 50 

28 30 

34 05 

39 45 

45 25 

0-6 

5 00 

9 40 

14 25 

19 05 

23 50 

28 30 

33 15 

37 55 

0-8 

3 50 

7 25 

10 55 

14 30 

18 00 

21 30 

25 05 

28 35 

10 

3 15 

6 05 

8 55 

II 45 

14 30 

17 20 

20 10 

23 00 

1-2 

2 50 

5 15 

7 35 

9 55 

12 15 

14 40 

17 00 

19 20 

1-4 

2 35 

4 40 

6 40 

8 40 

10 40 

12 45 

14 45 

16 45 

1-6 

2 30 

4 15 

6 00 

7 45 

9 30 

II 20 

13 05 

14 50 

1-8 

2 20 

3 55 

5 30 

7 00 

8 35 

10 10 

II 45 

13 20 

20 

2 15 

3 40 

5 05 

6 30 

7 55 

9 20 

10 45 

12 10 

2-2 

2 15 

3 30 

4 45 

6 05 

7 20 

8 40 

9 55 

II 10 

2-4 

2 10 

3 20 

4 35 

5 45 

6 55 

8 05 

9 15 

10 25 

2-6 

— 

3 15 

4 20 

5 25 

6 30 

7 35 

8 40 

9 45 

2-8 

— 

3 10 

4 10 

5 15 

6 15 

7 15 

8 15 

9 15 

30 

- 

3 10 

4 05 

5 00 

6 00 

6 55 

7 50 

8 50 

3-5 

- 

3 05 

3 55 

4 40 

5 30 

6 20 

7 10 

7 55 

40 

- 

- 

3 50 

4 30 

5 15 

5 55 

6 40 

7 20 

4-5 

- 

- 

- 

4 25 

5 00 

5 40 

6 20 

6 55 

50 

- 

- 

- 

4 25 

4 55 

5 30 

6 05 

6 40 

5-5 

- 

- 

- 

- 

4 55 

5 25 

5 55 

6 25 

60 

- 

- 

- 

- 

- 

5 20 

5 50 

6 20 

6-5 

- 

- 

- 

- 

- 

- 

5 45 

6 15 

70 








6 10 


(Calculated to nearest 5*, using coefficient of refraction of 0 077) 
Abnormal Refractions may alter these values considerably 
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Tables 


TABLE X 

Corrections for slope to be subtracted from distances measured along sloping 
ground in Theodolite Traverses, etc., to obtain corresponding horizontal 
distances. 

(Measured distance = 1 .) 


Angle 

of 

slope. 

0' 

10' 

20' 

30' 

40' 

50' 

0 

I 

0-00015 

0-00021 

0-00027 

0-00034 

0-00007 

0-00042 

0-00011 
0-00051 

2 

0-00061 

0-00071 

0-00083 

0-00095 

0-00108 

0-00122 

3 

0-00137 

0-00153 

0-00169 

0-00187 

0-00205 

0-00224 

4 

0-00244 

0-00264 

0-00286 

0-00308 

0-00332 

0-00356 

5 

0-00381 

0-00406 

0-00433 

0-00460 

0-00489 

0-00518 

6 

0-00548 

0-00579 

0-00610 

0-00643 

0-00676 

0-00710 

7 

0-00745 

0-00781 

0-00818 

0-00856 

0-00894 

0-00933 

8 

0-00973 

0-01014 

0-01056 

0-01098 

0-01142 

0-01186 

9 

0-OI23I 

0-01277 

0-01324 

0-01371 

0-01420 

0-01469 

10 

0-OI5I9 

0-01570 

0-01622 

0-01675 

0-01728 

0-01782 

II 

0-01837 

0-01893 

0-01950 

0-02008 

0-02066 

0-02125 

12 

0-02185 

0-02246 

0-02308 

0-02370 

0-02434 

0-02498 

13 

0-02563 

0-02629 

0-02696 

0-02763 

0-02831 

0-02900 

14 

0-02970 

0-03041 

0-03113 

0-03185 

0-03258 

0-03333 

15 

0-03407 

0-03483 

0-03560 

0-03637 

0-03715 

0-03794 

i6 

0-03874 

0-03954 

0-04036 

0-04118 

0-04201 

0-04285 

17 

0-04370 

0-04455 

0-04541 

0-04628 

0-04716 

0-04805 

i8 

0-04894 

0-04985 

0-05076 

0-05168 

0-05260 

0-05354 

19 

0-05448 

0-05543 

0-05639 

0-05736 

0-05833 

0-05932 

20 

0-06031 

0-06131 

0-06231 

0-06333 

0-06435 

0-06538 

21 

0-06642 

0-06747 

0-06852 

0-06958 

0-07065 

0-07173 

22 

0-07282 

0-07391 

0-07501 

0-07612 

0-07724 

0-07836 

23 

0-07950 

0-08064 

0-08178 

0-08294 

0-08410 

0-08528 

24 

0-08645 

0-08764 

0-08884 

0-09004 

0-09125 

0-09247 

25 

0-09369 

0-09493 

0-09617 

0-09741 

0-09867 

0-09993 

26 

0 -I 0 I 2 I 

0-10248 

0-10377 

0-10507 

0-10637 

0-10768 

27 

0-10899 

0-11032 

0-11165 

0-11299 

0-11434 

0-11569 

28 

0-11705 

0-11842 

0-11980 

0-12118 

0-12257 

0-12397 

29 

0-12538 

0-12679 

0-12822 

0-12964 

0-13108 

0-13252 

30 

0-13397 

0-13543 

0-13690 

0-13837 

0-13985 

0-14134 


Example :—Measured distance = 749 ft.; angle of slope 7 ° 2 '. The correction 
for slope = ( 749 x 0 00752 ) ft., i . e . 5-63 ft., and the horizontal distance, there¬ 
fore, = ( 749 - 5 - 6 ) ft., i . e . 743-4 ft. 

















TABLE Xa. 


Corrections to be subtracted from distances obtained by tachymeter 
readings of a staff held vertically. 

(Measured distance = 1) 


Angle 

of 

Slope 

0' 

10' 

20' 

30' 

40' 

50' 

Deg. 

0 


0 000 01 

0-000 03 

0-000 08 

0-000 14 

0-000 21 

1 

0-000 30 

000 41 

000 54 

000 69 

000 85 

00102 

2 

001 22 

001 43 

001 66 

001 90 

002 16 

002 44 

3 

002 74 

003 05 

003 38 

003 73 

004 09 

004 47 

4 

004 87 

005 28 

005 71 

006 16 

006 62 

007 10 

5 

007 60 

008 11 

008 64 

009 19 

009 75 

910 33 

6 

010 93 

01154 

012 17 

012 82 

013 48 

014 16 

7 

014 85 

015 56 

016 29 

017 04 

017 80 

018 58 

8 

019 37 

020 18 

021 01 

021 85 

022 71 

023 58 

9 

024 47 

025 38 

026 30 

027 24 

028 20 

029 17 

10 

030 15 

031 16 

032 18 

033 21 

034 26 

035 33 

11 

036 41 

037 51 

038 62 

039 75 

040 89 

042 05 

12 

043 23 

044 42 

045 62 

046 85 

048 08 

049 34 

13 

050 60 

05189 

053 18 

054 50 

055 82 

057 17 

14 

058 53 

059 90 

061 29 

062 69 

064 11 

065 54 

15 

066 99 

068 45 

069 93 

071 42 

072 92 

074 44 

16 

075 98 

077 52 

079 09 

080 66 

082 26 

083 86 

17 

085 48 

087 11 

088 76 

090 42 

092 10 

093 79 

18 

095 49 

097 21 

098 94 

100 68 

102 44 

104 21 

19 

105 99 

107 79 

109 60 

11143 

113 26 

115 11 

20 

116 98 

118 85 

120 74 

122 65 

124 56 

126 49 

21 

128 43 

130 38 

132 35 

134 32 

136 31 

138 32 

22 

140 33 

142 36 

144 40 

146 45 

148 51 

150 58 

23 

152 67 

154 77 

156 88 

159 00 

161 13 

163 28 

24 

165 43 

167 60 

169 78 

17197 

174 17 

176 38 

25 

178 61 

180 84 

183 08 

185 34 

187 61 

189 88 

26 

192 17 

194 47 

196 77 

199 09 

201 42 

203 76 

27 

206 11 

208 47 

210 83 

213 21 

215 60 

218 00 

28 

220 40 

222 82 

225 25 

227 68 

230 12 

232 58 

29 

235 04 

237 51 

239 99 

242 48 

244 98 

247 49 

30 

250 00 

252 52 

. 

255 06 

257 60 

260 14 

262 70 
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TABLE XI 

Table of Natural Scales Expressed in Inches to the Mile of Mid-Latitude 
at 45° 


Natural Scale. 

Inches. 

Natural Scale. 

Inches. 

I: 

1,000 

= 72-92 

I: 

45.000 

= 

1-62 

I: 

2,000 

= 36-46 

I: 

50,000 

= 

1-46 

I: 

3,000 

= 24-31 

I: 

55.000 

= 

1-33 

I : 

4,000 

= 18-23 

I: 

60,000 

= 

1-22 

I : 

5.000 

= 14-58 

I : 

65,000 

= 

I-12 

I: 

6,000 

= 12-15 

I : 

70,000 

= 

1-04 

I ; 

7,000 

= 10-42 

I : 

75.000 

= 

0-97 

I: 

8,000 

= 9-12 

I; 

,80,000 

= 

0-91 

1: 

9,000 

= 8-10 

I: 

85,000 

= 

0-86 

I: 

10,000 

= 7-29 

I: 

90,000 

= 

0-81 


11,000 

= 6-63 

I: 

95.000 

= 

0-77 

I: 

12,000 

= 6-08 

I: 

100,000 

= 

0-73 

I: 

13,000 

= 5-61 

I: 

150,000 

= 

0-49 

I : 

14,000 

= 5-21 

I : 

200,000 

= 

0-36 

i: 

15,000 

= 4-86 

I : 

250,000 

= 

0-29 

I; 

16,000 

= 4-56 

I : 

300,000 

= 

0-24 

I : 

17,000 

= 4-29 

I: 

350,000 

= 

0-21 

I: 

18,000 

= 4-05 

I; 

400,000 

= 

0-18 

I : 

19,000 

= 3-84 

I: 

500,000 

= 

0-15 

I: 

20,000 

= 3-65 

I: 

1,000,000 


0-073 

I : 

25,000 

= 2-92 

I: 

2,000,000 

= 

0-037 

1: 

30,000 

= 2-43 

I: 

3,000,000 

= 

0-024 

I: 

35.000 

= 2-08 

I: 

4,000,000 

= 

0-018 

I: 

40,000 

= 1-82 

I: 

5,000,000 

= 

0-015 
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TABLE XII—Astronomical Refraction 


The Mean Refraction is for Barometer 30 in. and Temperature 50° Fahr. 



Refraction; if the Thermometer is- less than 50° the Thermometer correction is additive to 
the Mean Refraction : and vice versa. 
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TABLE XU—^Astronomical Refraction 


The Mean Refraction is for Barometer 30 in. and Temperature 50 ° Fahr. 


Ap¬ 

parent 

/Stitude. 


Diff. 

for 

1' Alt. 

Diff. for 

Baro 

Diff. 
for — 1° 

Ap¬ 

parent 

Altitude. 

Refrac¬ 

tion. 

Diff. 

for 

1' Alt. 

Diff. for 
+ 1 in. 
Baro. 

Diff. 

for — 1° 

12 


4 

28-1 

0-38 

9 00 

0-556 

42 



4-6 

0-038 

2-16 

0-130 


10 

4 

24-4 

0-37 

8-86 

0-548 

43 


I 


0-036 

2-09 

0-125 



4 

20-8 

036 

8-74 

0-541 

44 



0-3 

0-034 




30 


17-3 

0-35 

8 63 

0-533 

45 



58-2 

0-034 

1-94 

0-117 


40 

4 

13-9 

0-33 

8-51 

0-525 

46 



56-1 

0-033 

1-88 



50 

4 

10-7 

032 

8-41 

0-517 

47 


° 

54-2 

0-032 

1-81 

0-108 

13 

0 

4 

7-5 

0-31 

8 30 

0-509 

48 

0 

0 

52-3 

0-031 

1-75 

0-104 



4 

4-4 

0-31 

8-20 

0-503 

49 



50-5 

0-030 

1-69 






0-30 

810 

0496 

50 



48-8 

0-029 

1-63 

0-097 


30 

3 

58-4 

0-30 

800 

0-489 

51 



47-1 

0-028 

1-58 

0-094 


40 

3 

55-5 

0-29 

7-89 

0-482 

52 



45-4 

0-027 

1-52 



50 

3 

52-6 

0-29 

7.79 

0-476 

53 

° 

° 

43-8 

0-026 

1-47 

0-088 

14 

0 

3 

49-9 

0-28 

7 ■70 

0-469 

54 

0 

0 

42-3 

0-026 

1-41 

0-085 



3 

47-1 

0-28 

7-6i 

0-464 

55 



40-8 

0-025 

1-36 

0-082 



3 

44-4 

0-27 

7-52 

0-458 

56 



39-3 

0-025 

1-31 

0-079 


30 

3 

41-8 

0-26 

7-43 

0-453 

57 



37-8 

0-025 

1-26 

0-076 


40 

3 

392 

0-26 

7-34 

0-448 

58 



36-4 



0-073 


50 

3 

36-7 

0-25 

7-26 

0-444 

59 

° 

° 

35-0 

0-024 

1-17 

0-070 

15 

0 

3 

34-3 

0-24 

718 

0-439 

60 

0 

0 

33-6 

0-023 

1-12 

0-067 


30 

3 

27-3 


6-95 

0-424 

61 



32-3 


1-08 

0-065 

16 

0 

3 

20-6 


6-73 

0-411 

62 



31-0 


I 04 



30 

3 

14-4 


6-51 

0-399 

63 



29-7 


0-99 

0-060 

17 


3 

8-5 

0-19 

6-31 

0-386 

64 



28-4 


0-95 

0-057 


30 

3 

2-9 

o-i8 

6-12 

0-374 

65 

° 

° 

27-2 

0-020 

0-91 

0055 

18 

0 

2 

57-6 

0-17 

5-95 

0-362 

66 

0 

0 

25-9 

0-020 

0-87 

0-052 

19 



47-7 

o-i6 

5-6i 

0-341 

67 



24-7 


0-83 

0-050 

20 



38-7 

015 

5-31 


68 



23-5 


0-79 

0-047 

21 



30-5 

013 

5-04 

0-305 

69 





0-75 

0-045 

22 



23-2 


4-79 


70 





0-71 

0-043 

23 

° 

2 

i6-5 

O-II 

4-57 

0-276 

71 

° 

0 

19-9 

0-020 

0-67 

0-040 

24 

0 

2 

lOI 

010 

4-35 

0-264 

72 

0 

0 

18-8 

0-019 

0-63 

0-038 

25 



4-2 

009 

416 


73 



17-7 

0-018 

0-59 

0-036 

26 



58-8 

009 

3-98 

0-241 

74 



16-6 

0-018 

0-56 

0033 

27 



53-8 

008 

3-8i 

0-230 

75 



15-5 

0-018 

0-52 

0-031 

28 



491 

o-o8 

3 65 


76 



14-4 

0-018 

0-48 


29 

° 

I 

44-7 

0-07 

3-50 

0-209 

77 



13-4 

0-017 

0-45 

0*027 

30 

0 

I 

40-5 

007 

3 36 

0-201 

78 

0 

0 

12-3 

0-017 

0-41 

0025 

31 



366 

o-o6 

323 

0-193 

79 




0-017 

0-38 

0023 

32 



33 0 

o-o6 

311 

0-186 

80 




0-017 

0-34 

0*021 

33 



29-5 

o-o6 

2-99 

0-179 

81 



9-2 

0-017 

0-31 

0*018 

34 



26-1 

005 

2-88 

0-173 

82 



8-2 

0-017 

0-27 

0-016 

35 

° 

I 

23 0 

0-05 

278 

0-167 

83 

° 

° 

7-1 

0-017 

0-24 


36 

0 

I 

20-0 

005 

2-68 

0-161 

84 

0 

0 

6-1 

0-017 

0-20 

0*012 

37 

0 

I 

17-1 

0-05 

258 

0-155 

85 

0 

0 

5-1 

0-017 

0-17 

0*010 

38 

0 

I 

14-4 

005 

2-49 

0-149 

86 

0 

0 


0-017 

0-14 

0*008 

39 



II-8 

004 

2 40 

0-144 

87 



3-1 

0-017 


0*006 

40 



9-3 

004 

232 

0-139 

88 




0-017 

0-07 

0004 

41 

° 


6-9 

0-04 

2-24 

0-134 

80 

° 


1-0 

0-017 

0-03 

0*002 


Note. —If the Barometer is over 30 in. the Barometer correction is additive to the Mean 
Refraction ; if the Thermometer is less than 50 ° the Thermometer correction is additive to 
the Mean Refraction ; and vice versa. 



















For computing the reduction to the meridian in seconds, or 
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Tables 

♦TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

0 0 

5-034 

0-000 

10-068 

0-000 

15-102 

0-000 

10 

5-034 

0-000 

10-068 

0-000 

15-102 

0-000 

20 

5-034 

0-000 

10-068 

0-000 

15-101 

0-000 

30 

5-034 

0-000 

10-068 

0-000 

15-101 

0-000 

40 

5-034 

0-000 

10-068 

0-000 

15-101 

0-001 

50 

5-033 

0-000 

10-067 

0-000 

15-100 

0-001 

I 0 

5-033 

0-000 

10-067 

0-000 

15-100 

0-001 

10 

5-033 

0-000 

10-066 

0-000 

15-099 

0-001 

20 

5-033 

0-000 

10-065 

0-000 

15-098 

0-001 

30 

5-032 

0-000 

10-064 

0-000 

15-097 

0-001 

40 

5-032 

0-000 

10-064 

0-001 

15-096 

0-001 

50 

5-031 

0-000 

10-063 

0-001 

15-095 

0-001 

2 0 

5-031 

0-000 

10-062 

0-001 

15-093 

0-001 

10 

5-030 

0-000 

10-061 

0-001 

15-091 

0-001 

20 

5-030 

0-000 

10-059 

0-001 

15-089 

0-001 

30 

5-029 

0-000 

10-058 

0-001 

15-087 

0-001 

40 

5-028 

0-000 

10-057 

0-001 

15-085 

0-001 

50 

5-028 

0-000 

10-056 

0-001 

15-084 

0-002 

3 0 

5-027 

0-000 

10-054 

0-001 

15-082 

0-002 

10 

5-026 

0-000 

10-053 

0-001 

15-079 

0-002 

20 

5-025 

0-000 

10-051 

0-001 

15-076 

0-002 

30 

5-024 

0-000 

10-049 

0-001 

15-073 

0-002 

40 

5-023 

0-000 

10-047 

0-001 

15-070 

0-002 

50 

5-022 

0-000 

10-045 

0-001 

15-067 

0-003 

4 0 

5-022 

0-000 

10-043 

0-001 

15-064 

0-003 

10 

5-020 

0-000 

10-040 

0-001 

15-061 

0-003 

20 

5-019 

0-000 

10-038 

0-001 

15-058 

0-003 

30 

5-018 

0-000 

10-036 

0-001 

15-055 

0-003 

40 

5-017 

0-000 

10-034 

0-001 

15-051 

0-003 

50 

5-016 

0-000 

10-032 

0-001 

15-048 

0-003 

5 0 

5-015 

0-000 

10-029 

0-001 

15-044 

0-003 


(i) These abscissae and ordinates are given in inches and decimals of an inch for 
a scale of i inch to a nautical mile (approx. 1/73,000). For any other scale the figures 
must be multiplied by that scale as given in inches to a mile. 
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Abscissae and Ordinates for 


Latitude. 

20' Longitude. 

25' Longitude. 

30' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Absciss*. 

Ordinates. 

0 0 

20 •136 

0-000 

25-170 

0-000 

30-204 

0-000 

10 

20-I36 

0-000 

25-170 

0-000 

30-204 

0-000 

20 

20-135 

0-000 

25-169 

0-001 

30-203 

0-001 

30 

20-135 

0-001 

25-169 

0-001 

30-202 

0-001 

40 

20-135 

0-001 

25-168 

0-001 

30-202 

0-002 

50 

20-134 

0*001 

25-167 

0-002 

30-201 

0-002 

I 0 

20-133 

0-001 

25-167 

0-002 

30-200 

0-003 

10 

20-132 

0-001 

25-166 

0-002 

30-198 

0-003 

20 

20-131 

0-001 

25-164 

0-002 

30-196 

0-003 

30 

20-130 

0-001 

25-162 

0-002 

30-193 

0-003 

40 

20-128 

0-001 

25-160 

0-003 

30-191 

0-004 

50 

20-126 

0-002 

25-158 

0-003 

30-189 

0-004 

2 0 

20-124 

0-002 

25-155 

0-003 

30-186 

0-004 

10 

20-121 

0-002 

25-152 

0-003 

30-182 

0-004 

20 

20-118 

0-002 

25-148 

0-003 

30-178 

0-005 

30 

20-116 

0-002 

25-145 

0-003 

30-174 

0-005 

40 

20-114 

0-002 

25-142 

0-004 

30-170 

0-006 

50 

20 -III 

0-003 

25-139 

0-004 

30-167 

0-007 

3 0 

20-108 

0-003 

25-136 

0-004 

30-163 

0-007 

10 

20-105 

0-003 

25-132 

0-004 

30-158 

0-007 

20 

20-102 

0-003 

25-127 

0-004 

30-152 

0-008 

30 

20-098 

0-003 

25-122 

0-005 

30-146 

0-008 

40 

20-094 

0-004 

25-117 

0-005 

30-140 

0-009 

50 

20-090 

0-004 

25-112 

0-006 

30-135 

0-009 

4 0 

20-086 

0-004 

25-107 

0-006 

30-129 

0-010 

10 

20-081 

0-004 

25-102 

0-006 

30-123 

0-010 

20 

20-076 

0-004 

25-096 

0-006 

30-116 

0-010 

30 

20-072 

0-004 

25-090 

0-007 

30-109 

0-010 

40 

20-068 

0-005 

25-085 

0-007 

30-103 

o-oii 

50 

20-064 

0-005 

25-080 

0-008 

30-096 

0-011 

5 0 

20-059 

0-005 

25-074 

0-008 

30-088 

0-011 


(2) The table is calculated for the gnomonic projection but may be used without 
appreciable error for graduating charts on Cassini’s projection on scales of 1/100,000 
and larger. 
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TABLE XIV—^Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

I Ordinates. 

Abscissae. 

Ordinates. 

5 0 

5-015 

0-000 

10-029 

O-OOI 

15-044 

0-003 

10 

5-013 

0-000 

10-027 

0-001 

15-040 

0-003 

20 

5-012 

0-000 

10-024 

O-OOI 

15-035 

0-003 

30 

5-010 

0-000 

10-021 

O-OOI 

15-031 

0-003 

40 

5-009 

0-000 

10-018 

0-002 

15-027 

0-003 

50 

5-007 

0-000 

10-015 

0-002 

15-022 

0-003 

6 0 

5-006 

0-000 

10-012 

0-002 

15-018 

0-004 

10 

5-004 

0-000 

10-009 

0-002 

15-013 

0-004 

20 

5-003 

0-000 

10-006 

0-002 

15-008 

0-004 

30 

5-001 

0-000 

10-002 

0-002 

15-003 

0-004 

40 

4-999 

0-000 

9-999 

0-002 

14-998 

0-004 

50 

4-998 

0-000 

9-996 

0-002 

14-993 

0-004 

7 o 

4-996 

0-000 

9-992 

0-002 

14-988 

0-004 

10 

4-994 

0-000 

9-988 

0-002 

14-982 

0-004 

20 

4-992 

0-000 

9-984 

0-002 

14-976 

0-004 

30 

4-990 

0-000 

9-981 

0-002 

14-971 

0-004 

40 

4-988 

0-001 

9-977 

0-002 

14-965 

0-004 

50 

4-986 

0-001 

9-973 

0-002 

14-959 

0-004 

8 o 

4-984 

0-001 

9-969 

0-002 

14-953 

0-004 

10 

4-982 

0-001 

9-965 

0-002 

14-947 

0-004 

20 

4-980 

0-001 

9-961 

0-002 

14-941 

0-004 

30 

4-978 

0-001 

9-956 

0-002 

14-934 

0-005 

40 

4-976 

0-001 

9-952 

0-002 

14-928 

0-005 

50 

4-974 

0-001 

9-948 

0-003 

14-921 

0-005 

9 0 

4-971 

0-001 

9-943 

0-003 

14-914 

0-005 

10 

4-969 

0-001 

9-938 

0-003 

14-907 

0-005 

20 

4-967 

0-001 

9-933 

0-003 

14-900 

0-005 

30 

4.964 

0-001 

9-928 

0-003 

14-892 

0-005 

40 

4-962 

0-001 

9-923 

0-003 

14-885 

0-005 

50 

4-960 

0-001 

9-918 

0-003 

14-878 

0-005 

10 0 

4-957 

0-001 

9-913 

0-003 

14-870 

0-005 

10 

4-955 

0-001 

9-908 

0-003 

14-862 

0-005 

20 

4-952 

0-001 

9-903 

0-003 

14-854 

0-005 

30 

4-949 

O-OOI 

9-897 

0-003 

14-846 

0-005 

40 

4-946 

O-OOI 

9-892 

0-003 

14-838 

0-006 

50 

4-943 

O-OOI 

9-887 

0-003 

14-830 

0-006 

II 0 

4-941 

O-OOI 

9-881 

0-003 

14-822 

0-006 





















o 

10 

20 

30 

40 

50 

o 

10 

20 

30 

40 

50 

0 

10 

20 

30 

40 

50 

o 

10 

20 

30 

40 

50 

0 

10 

20 

30 

40 

50 

o 

10 

20 

30 

40 

50 

o 


and Surveys 



Abscissae and Ordinates for 


20' Longitude. 

25' Longitude. 

30' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

1 Ordinates. 

20-059 

0-005 

25-074 

0-008 

30-088 

O-OII 

20-054 

0-005 

25-067 

0-008 

30-080 

0-012 

20-048 

0-005 

25-059 

0-008 

30-071 

0-012 

20-042 

0-005 

25-052 

0-009 

30-063 

0-013 

20-036 

0-006 

25-045 

0-009 

30-054 

0-013 


0-006 

25-037 

0-010 

30-045 

0-014 

20-024 

0-006 

25-030 

0-010 

30-036 

0-014 

20-018 

0-006 

25-022 

0-010 

30-027 

0-014 


0-006 

25-014 

0-010 

30-017 

0-015 

20-004 

0-007 

25-005 

O-OII 

30-007 

0-015 

19-998 

0-007 

24-997 

O-OII 

29-997 

0-015 

19-991 

0-007 

24-989 

O-OII 

29-987 

0-016 

19-984 

0-007 

24-980 

O-OII 

29-976 

0-016 

19-977 

0-007 

24-970 

O-OII 

29-965 

0-016 

19-969 

0-007 

24-961 

O-OII 

29-954 

0-017 

19-962 

0-007 

24-952 

0-012 

29-942 

0-017 

19-954 

0-007 

24-942 

0-012 

29-931 

0-018 

19-946 

0-008 

24-932 

0-012 

29-919 

0-018 

19-938 

0-008 

24-922 

0-012 

29-907 

0-018 

19-930 

0-008 

24-912 

0-012 

29-894 

0-018 

19-921 

0-008 

24-901 

0-013 

29-881 

0-019 

19-912 

0-008 

24-890 

0-013 

29-868 

0-019 

19-904 

0-008 

24-879 

0-014 

29-855 

0-020 

19-895 

0-009 

24-868 

0-014 

29-842 

0-020 

19-886 

0-009 

24-857 

0-014 

29-828 

0-020 

19-876 

0-009 

24-845 

0-014 

29-813 

0-020 

19-866 

0-009 

24-833 

0-015 

29-799 

0-021 

19-856 

0-009 

24-820 

0-015 

29-784 

0-021 

19-846 

0-009 

24-808 

0-015 

29-770 

0-022 

19-836 

0-009 

24-796 

0-016 

29-755 

0-022 

19-826 

0-010 

24783 

0-016 

29-740 

0-023 

19-816 

0-010 

24-770 

0-016 

29-724 

0-023 

19-806 

0-010 

24757 

0-017 

29-708 

0-024 

19-795 

O-OII 

24-744 

0-017 

29-691 

0-024 

19-785 

O-OII 

24-731 

0-017 

29-675 

0-024 

19-774 

O-OII 

24-718 

0-017 

29-659 

0-024 

19-763 

O-OII 

24-703 

0-017 

29-643 

0-024 
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Tables 

TABLE XIV—Table for the Graduation 


Latitude. 

Abscissae and Ordinates for 

5' Longitude. 

10' Longitude. 

15' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

II 0 

4-941 

0-001 

9-881 

0-003 

14-822 

0-006 

10 

4-938 

0-001 

9-875 

0-003 

14-813 

0-006 

20 

4-935 

0-001 

9-869 

0-063 

14-804 

0-006 

30 

4-932 

0-001 

9-863 

0-003 

14795 

0-006 

40 

4-929 

0-001 

9-857 

0-003 

14-786 

0-007 

50 

4-926 

0-001 

9-851 

0-003 

14-777 

0-007 

12 0 

4-922 

0-001 

9-845 

0-003 

14-767 

0-007 

10 

4-919 

0-001 

9-838 

0-003 

14758 

0-007 

20 

4-9 i 6 

0-001 

9-832 

0-003 

14-749 

0-007 

30 

4-913 

0-001 

9-826 

0-003 

14739 

0-007 

40 

4-910 

0-001 

9-820 

0-003 

14730 

0-007 

50 

4-907 

0-001 

9-813 

0-003 

14-720 

0-007 

13 0 

4-903 

0-001 

9-807 

0-004 

14-710 

0-007 

10 

4-900 

0-001 

9-800 

0-004 

14-700 

0-007 

20 

4-897 

0-001 

9-793 

0-004 

14-690 

0-007 

30 

4-893 

0-001 

9-786 

0-004 

14-679 

0-007 

40 

4-890 

0-001 

9-779 

0-004 

14-669 

0-008 

50 

4-887 

0-001 

9-772 

0-004 

14-659 

0-008 

14 0 

4-883 

0-001 

9-765 

0-004 

14-648 

0-008 

10 

4-879 

0-001 

9-758 

0-004 

14-637 

0-008 

20 

4-875 

0-001 

9-750 

0-004 

14-626 

0-008 

30 

4-871 

0-001 

9-743 

0-004 

14-614 

0-008 

40 

4-868 

0-001 

9-736 

0-004 

14-603 

0-008 

50 

4-864 

0-001 

9-729 

0-004 

14-592 

0-008 

15 0 

4-860 

0-001 

9-721 

0-004 

14-581 

0-008 

10 

4-856 

0-001 

9-713 

0-004 

14-569 

0-008 

20 

4-852 

0-001 

9-705 

0-004 

14-557 

0-008 

30 

4-848 

0-001 

9-697 

0-004 

14-545 

0-008 

40 

4-844 

0-001 

9-689 

0-004 

14-533 

0-009 

50 

4-840 

0-001 

9-681 

0-004 

14-522 

0-009 

16 0 

4-837 

0-001 

9-673 

0-004 

14-510 

0-009 

10 

4-833 

0-001 

9-665 

0-004 

14-497 

0-009 

20 

4-829 

0-001 

9-657 

0-004 

14-484 

0-009 

30 

4-824 

0-001 

9-648 

0-004 

14-472 

0-009 

40 

4-820 

0-001 

9-640 

0-004 

14-459 

0-009 

50 

4-816 

o-ooi 

9-632 

0-004 

14-447 

0-009 

17 0 

4-811 

0-001 

9-623 

0-004 

14-434 

0-010 
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Latitude. 

Abscissae and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

II 0 

19763 

O-OII 

24-703 

0-017 

29-643 

0-024 

10 

I9751 

O-OII 

24-689 

0-017 

29-626 

0-025 

20 

19739 

O-OII 

24-674 

0-017 

29-608 

0-025 

30 

19727 

0-012 

24-659 

0-018 

29-590 

0-026 

40 

19715 

0-012 

24-643 

0-018 

29-572 

0-026 

50 

19703 

0-012 

24-628 

0-018 

29-553 

0-027 

12 0 

19-690 

0-012 

24-613 

0-018 

29-534 

0-027 

10 

19-678 

0-012 

24-597 

0-018 

29-515 

0-027 

20 

19-665 

0-012 

24-582 

0-019 

29-497 

0-028 

30 

19-652 

0-013 

24-565 

0-019 

29-478 

0-028 

40 

19-639 

0-013 

24-549 

0-020 

29-459 

0-029 

50 

19-626 

0-013 

24-533 

0-020 

29-440 

0-029 

13 0 

19-613 

0-013 

24-517 

0-020 

29-421 

0-029 

10 

19-600 

0-013 

24-499 

0-020 

29-400 

0-029 

20 

19-586 

0-013 

24-482 

0-021 

29-379 

0-029 

30 

19-572 

0-013 

24-465 

0-021 

29-358 

0-030 

40 

19-558 

0-014 

24-448 

0-021 

29-337 

0-030 

50 

19-544 

0-014 

24-431 

0-022 

29-316 

0-030 

14 0 

19-530 

0-014 

24-413 

0-022 

29-295 

0-031 

10 

19-515 

0-014 

24-395 

0-022 

29-273 

0-031 

20 

19-501 

0-014 

24-376 

0-022 

29-251 

0-032 

30 

19-486 

0-014 

24-357 

0-022 

29-229 

0-032 

40 

19-471 

0-015 

24-339 

0-022 

29-207 

0-033 

50 

19-457 

0-015 

24-321 

0-023 

29-185 

0-033 

15 0 

19-442 

0-015 

24-302 

0-023 

29-162 

0-033 

10 

19-426 

0-015 

24-282 

0-023 

29-138 

0-033 

20 

19-410 

0-015 

24-262 

0-024 

29-114 

0-034 

30 

19-394 

0-015 

24-242 

0-024 

29-091 

0-034 

40 

19-378 

0-016 

24-222 

0-024 

29-067 

0035 

50 

19-362 

0-016 

24-202 

0-024 

29-044 

0-035 

16 0 

19-346 

0-016 

24-182 

0-024 

29-020 

0-035 

10 

19-330 

0-016 

24-162 

0-024 

28-995 

0-035 

20 

19-313 

o-oi6 

24-141 

0-024 

28-969 

0-035 

30 

19-296 

0-016 

24-120 

0-024 

28-944 

0-036 

40 

19-280 

0-016 

24-099 

0-024 

28-919 

0-036 

50 

19-263 

0-016 

24-078 

0-024 

28-894 

0-036 

17 0 

19-246 

0-017 

24-057 

0-025 

28-868 

0-036 
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Tables 

TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude 

5' Longitude. 

10' Longitude. 

15' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

17 

0 

4-811 

0-001 

9-623 

0-004 

14-434 

0-010 


10 

4-807 

0-001 

9-614 

0-004 

14-421 

0-010 


20 

4-802 

0-001 

9-605 

0-004 

14-407 

0-010 


30 

4-798 

O-pOI 

9-596 

0-004 

14-394 

0-010 


40 

4-793 

0-001 

9-587 

0-004 

14-380 

0-010 


50 

4-789 

0-001 

9-578 

0-004 

14-367 

0-010 

18 

0 

4-785 

0-001 

9-569 

0-004 

14-354 

0-010 


10 

4-780 

0-001 

9-560 

0-004 

14-340 

0-010 


20 

. 4-775 

0-001 

9-551 

0-004 

14-316 

0-010 


30 

4-770 

0-001 

9-541 

0-004 

I4-31I 

0-010 


40 

4-765 

0-001 

9-531 

-0004 

14-297 

0-010 


50 

4-760 

0-001 

9-522 

0-004 

14-283 

0-010 

19 

0 

4-756 

0-001 

9-513 

0-004 

14-269 

0-010 


10 

4-751 

0-001 

9-503 

0-004 

14-255 

0-010 


20 

4-746 

0-001 

9-493 

0-004 

14-240 

0-010 


30 

4-742 

0-001 

9-483 

0-004 

14-225 

0-010 


40 

4-737 

0-001 

9-473 

0-004 

14-210 

0-010 


50 

4-732 

0-001 

9-463 

0-004 

14-195 

0-010 

20 

0 

4-727 

0-001 

9-453 

0-004 

14-180 

0-010 


10 

4-721 

0-001 

9-442 

0-004 

14-165 

0-010 


20 

4-716 

0-001 

9-432 

0-004 

14-149 

0-010 


30 

4-7II 

0-001 

9-422 

0-004 

14-133 

O-OII 


40 

4-706 

0-001 

9-412 

0-005 

14-118 

O-OII 


50 

4-701 

0-001 

9-402 

0-005 

14-103 

O-OII 

21 

0 

4-696 

0-001 

9-391 

0-005 

14-087 

O-OII 


10 

4-690 

0-001 

9-381 

0-005 

14-071 

O-OII 


20 

4-685 

0-001 

9-370 

0-005 

14-055 

O-OII 


30 

4-679 

0-001 

9-359 

0-005 

14-038 

O-OII 


40 

4-674 

0-001 

9-348 

0-005 

14-021 

O-OII 


50 

4-668 

0-001 

9-337 

0-005 

14-005 

O-OII 

22 

0 

4-663 

0-001 

9-326 

0-005 

13-989 

O-OII 


10 

4-657 

0-001 

9-315 

0-005 

13-973 

O-OII 


20 

4-651 

0-001 

9-304 

0-005 

13-956 

0-012 


30 

4-646 

0-001 

9-292 

0-005 

13-939 

0-012 


40 

4-640 

0-001 

9-281 

0-005 

13-922 

0-012 


50 

4-634 

0-001 

9-270 

0-005 

13-905 

0-012 

23 


4-629 

0-001 

9-258 

0-005 

13-887 

0-012 
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Abscissae and Ordinates for 


tude. 

25' Longitude. 

30' Longitude. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates 

0-017 

24-057 

0-025 

28-868 

0-036 

0-017 

24-035 

0-025 

28-842 

0-036 

0-017 

24-012 

0-026 

28-815 

0-037 

0-017 

23-990 

0-026 

28-788 

0-037 

0-017 

23-967 

0-027 

28-761 

0-037 

0-017 

23-945 

0-027 

28-735 

0-038 

0-017 

23-923 

0-027 

28-708 

0-038 

0-017 

23-900 

0-027 

28-680 

0-038 

0-017 

23-876 

0-027 

28-651 

0-039 

0-017 

23-852 

0-027 

28-623 

0-039 

0-017 

23-829 

0-027 

28-595 

0-040 

0-018 

23-806 

0-028 

28-567 

0-040 

0-018 

23-782 

0-028 

28-539 

0-040 

0-018 

23-757 

0-028 

28-509 

0-040 

0-018 

23-732 

0-029 

28-479 

0-041 

0-019 

23-707 

0-029 

28-450 

0-041 

0-019 

23-683 

0-029 

28-420 

0-042 

0-019 

23-658 

0-030 

28-390 

0-042 

0-019 

23-633 

0-030 

28-360 

0-043 

0-019 

23-607 

0-030 

28-329 

0-043 

0-019 

23-581 

0-030 

28-298 

0-043 

0-019 

23-555 

0-030 

28-267 

0-043 

0-019 

23-529 

0-030 

28-236 

0-044 

0-019 

23-503 

0-030 

28-205 

0-044 

0-019 

23-477 

0-030 

28-174 

0-044 

0-019 

23-451 

0-030 

28-142 

0-044 

0-020 

23-424 

0-030 

28-109 

0-044 

0-020 

23-397 

0-031 

28-076 

0-045 

0-020 

23-370 

0-031 

28-043 

0-045 

0-020 

23-343 

0-031 

28-011 

0-045 

0-020 

23-315 

0-031 

27-978 

0-045 

0-020 

23-287 

0-031 

27-945 

0-045 

0-620 

23-259 

0-032 

27-911 

0-046 

0-020 

23-231 

0-032 

27-877 

0-046 

0-021 

23-203 

0-032 

27-843 

0-046 

0-021 

23-175 

0-033 

27-809 

0-047 

0-021 

23-146 

0-033 

27-775 

0-047 
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Tables 

TABLE XIV—Table for the graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

23 0 

4-629 

0-001 

9-258 

0-005 

13-887 

0-012 

10 

4-623 

0-001 

9-247 

0-005 

13-870 

0-012 

20 

4-617 

0-002 

9-235 

0-005 

13-852 

0-012 

30 

4-611 

0-002 

9-223 

0-005 

13-834 

0-012 

40 

4-605 

0-002 

9-2II 

0-005 

13-816 

0-012 

50 

4-599 

0-002 

9-199 

0-005 

13-799 

0-012 

24 0 

4-594 

0-002 

9-187 

0-005 

13-781 

0-012 

10 

4-588 

0-002 

9-175 

0-005 

13-763 

0-012 

20 

4-582 

0-002 

9-163 

0-005 

13-745 

0-012 

30 

4-576 

0-002 

9-I5I 

0-005 

13-727 

0-012 

40 

4-570 

0-002 

9-139 

0-005 

13-709 

0-012 

50 

4-564 

0-002 

9-127 

0-005 

13-690 

0-012 

25 0 

4-557 

0-002 

9-114 

0-005 

13-671 

0-012 

10 

4-551 

0-002 

9-102 

0-005 

13-652 

0-012 

20 

4-545 

0-002 

9-089 

0-005 

13-633 

0-012 

30 

4-538 

0-002 

9-076 

0-006 

13-613 

0-013 

40 

4-532 

0-002 

9-063 

0-006 

13-594 

0-013 

50 

4-526 

0-002 

9-050 

0-006 

13-575 

0-013 

26 0 

4-519 

0-002 

9-037 

0-006 

13-556 

0-013 

10 

4-513 

0-002 

9-024 

0-006 

13-537 

0-013 

20 

4-506 

0-002 

9-011 

0-006 

13-517 

0-013 

30 

4-499 

0-002 

8-998 

0-006 

13-497 

0-013 

40 

4-493 

0-002 

8-985 

0-006 

13-477 

0-013 

50 

4-486 

0-002 

8-972 

0-006 

13-457 

0-013 

27 0 

4-479 

0-002 

8-958 

0-006 

13-437 

0-013 

10 

4-473 

0-002 

8-945 

0-006 

13-417 

0-013 

20 

4-466 

0-002 

8-931 

0-006 

13-397 

0-013 

30 

4-459 

0-002 

8-917 

0-006 

13-376 

0-013 

40 

4-452 

0-002 

8-904 

0-006 

13-356 

0-014 

50 

4-445 

0-002 

8-890 

0-006 

13-336 

0-014 

28 0 

4-438 

0-002 

8-876 

0-006 

13-315 

0-014 

10 

4-431 

0-002 

8-862 

0-006 

13-294 

0-014 

20 

4-424 

0-002 

8-848 

0-006 

13-273 

0-014 

30 

4-417 

0-002 

8-834 

0-006 

13-251 

0-014 

40 

4-410 

0-002 

8-820 

0-006 

13-230 

0-014 

50 

4-403 

0-002 

8-806 

0-006 

13-209 

0-014 

29 0 

4-396 

0-002 

8-792 

0-006 

13-187 

0-014 
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Abscissae and Ordinates for 

Latitude. 

20' Longitude. 

25' Longitude. 

30' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

23 0 

18-517 

0-021 

23-146 

0-033 

27-775 

0-047 

10 

18-494 

0-021 

23-117 

0-033 

27-740 

0-047 

20 

18-470 

0-021 

23-087 

0-033 

27-704 

0-048 

30 

18-446 

0-022 

23-057 

0-034 

27-669 

0-048 

40 

18-422 

0-022 

23-027 

0-034 

27-633 

0-048 

50 

18-398 

0-022 

22 -998 

0-034 

27-598 

0-049 

24 0 

18-375 

0-022 

22-968 

0-034 

27-562 

0-049 

10 

18-351 

0-022 

22-938 

0-034 

27-526 

0-049 

20 

18-327 

0-022 

22-908 

0-034 

27-490 

0-049 

30 

18-303 

0-022 

22-878 

0-034 

27-454 

0-050 

40 

18-278 

0-023 

22-847 

0-035 

27-417 

0-050 

50 

18-253 

0-023 

22-816 

0-035 

27-380 

0-050 

25 0 

18-228 

0-023 

22-785 

0-035 

27-342 

0-050 

10 

18-203 

0-023 

22-753 

0-035 

27-304 

0-050 

20 

18-177 

0-023 

22-721 

0-035 

27-266 

0-051 

30 

18-151 

0-023 

22-689 

0-036 

27-227 

0-051 

,40 

18-126 

0-023 

22-657 

0-036 

27-189 

0-052 

' 50 

18-IOI 

0-023 

22-625 

0-036 

27-151 

0-052 

26 0 

18-075 

0-023 

22-593 

0-036 

27-112 

0-052 

10 

18-049 

0-023 

22-560 ! 

0-036 

27-073 

0-052 

20 

18-023 

0-023 

22-527 

0-036 

27-033 

0-052 

30 

17-996 

0-023 

22-494 

0-036 

26-993 

0-052 

40 

17-970 

0-023 

22-461 

0-036 

26-954 

0-053 

50 

17-943 

0-023 

22-428 

0-036 

26-915 

0-053 

27 0 

17-916 

0-024 

22-395 

0-037 

26-875 

0-053 

10 

17-889 

0-024 

22 -361 

0-037 

26-834 

0053 

20 

17-862 

0-024 

22-327 

0-037 

26-793 

0-054 

30 

17-835 

0-024 

22-293 

0-037 

26-752 

0-054 

40 

17-808 

0-024 

22-259 

0-037 

26-711 

0-054 

50 

17-781 

0-024 

22-225 

0-037 

26-670 

0-055 

28 0 

17-753 

0024 

22-191 

0-037 

26-629 

0-055 

10 

17-725 

0-024 

22-156 

0-037 

26-587 

0-055 

20 

17-697 

0-024 

22-121 

0-037 

26-545 

0-055 

30 

17-668 

0-024 

22-085 

0-038 

26-502 

0-055 

40 

17-640 

0-024 

22-050 

0-038 

26-460 

0-055 

50 

17-612 

0-024 

22-015 

0-038 

26-418 

0-056 

29 0 

17-583 

0-024 

21-979 

0-038 

26-375 

0-056 


I 


















616 


Tables 

TABLE XIV—Table for the Graduation 


Latitude. 

Abscissae and Ordinates for 

5' Longitude. 

10' Longitude. 

15' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissa. 

Ordinates. 

29 


4-30 

0-002 

8-792 

0-006 

13-187 

0-014 


10 

4-389 

0-002 

8-778 

0-006 

13-166 

0-014 


20 

4-382 

0-002 

8-763 

0-006 

13-144 

0-014 


30 

4-374 

0-002 

8-748 

0-006 

13-122 

0-014 


40 

4-367 

0-002 

8-734 

0-006 

13-IOI 

0-014 


50 

4-360 

0-002 

8-719 

0-006 

13-079 

0-014 

30 

0 

4-352 

0-002 

8-705 

0-006 

13-057 

0-014 


TO 

4-345 

0-002 

8-690 

0-006 

13-035 

0-014 


20 

4-338 

0-002 

8-675 

0-006 

13-012 

0-014 


30 

4-330 

0-002 

8-659 

0-006 

12-989 

0-014 


40 

4-323 

0-002 

8-644 

0-006 

12-967 

0-015 


50 

4-315 

0-002 

8-629 

0-006 

12-944 

0-015 

31 

0 

4-307 

0-002 

8-614 

0-006 

12-921 

0-015 


10 

4-300 

0-002 

8-599 

0-006 

12-898 

0-015 


20 

4-292 

0-002 

8-584 

0-006 

12-875 

0-015 


30 

4-284 

0-002 

8-568 

0-006 

12-852 

0-015 


40 

4-277 

0-002 

8-553 

0-006 

12-829 

0-015 


50 

4-269 

0-002 

8-538 

0-006 

12-806 

0-015 

32 

0 

4-261 

0-002 

8-522 

0-006 

12-783 

0-015 


10 

4-253 

0-002 

8-506 

0-006 

12-759 

0-015 


20 

4-245 

0-002 

8-490 

0-006 

12-735 

0-015 


30 

4-237 

0-002 

8-474 

0-007 

12-711 

0-015 


40 

4-229 

0-002 

8-459 

0-007 

12-688 

0-015 


50 

4-221 

0-002 

8-443 

0-007 

12 664 

0-015 

33 

0 

4-213 

0-002 

8-427 

0-007 

12 -640 

0-015 


10 

4-205 

0-002 

8-411 

0-007 

12-616 

0-015 


20 

4-197 

0-002 

8-395 

0-007 

12-592 

0-015 


30 

4-189 

0-002 

8-378 

0-007 

12-567 

0-015 


40 

4-181 

0-002 

8-362 

0-007 

12-543 

0-015 


50 

4-173 

0-002 

8-346 

0-007 

12-519 

0-015 

34 

0 

4-165 

0-002 

8-329 

0-007 

12-494 

0-015 


10 

4-157 

0-002 

8-313 

0-007 

12-469 

0-015 


20 

4-148 

0-002 

8-296 

0-007 

12-444 

0-015 


30 

4-139 

0-002 

8-279 

0-007 

12-418 

0-015 


40 

4-131 

0-002 

8-263 

0-007 

12-393 

0-015 


50 

4-123 

0-002 

8-246 

0-007 

12-368 

o-oi 6 

35 

0 

4-114 

0-002 

8-229 

0-007 

12-343 

0-016 






















Tables 

of Charts and Surveys 


517 


Latitude. 

Abscissae and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

29 0 

17-583 

0-024 

21-979 

0-038 

26-375 

0-056 

10 

17-555 

0-024 

21-943 

0-038 

26-332 

0-056 

20 

17-526 

0-024 

21-907 

0-038 

26-288 

0-056 

30 

17-497 

0-025 

21-871 

0-039 

26-245 

0-056 

40 

17-468 

0-025 

21-835 

0-039 

26-202 

0-056 

50 

17-439 

0-025 

21-799 

0-039 

26-158 

0-057 

30 0 

17-409 

0-025 

21-762 

0-039 

26-114 

0-057 

10 

17-379 

0-025 

21-724 

0-039 

26-069 

0-057 

20 

17-349 

0-025 

21-686 

0-039 

26-024 

0-057 

30 

17-319 

0-026 

21-648 

0-039 

25-978 

0-058 

40 

17-289 

0-026 

21-611 

0-040 

25-933 

0-058 

50 

17-259 

0-026 

21-573 

0-040 

25-888 

0-058 

31 0 

17-228 

0-026 

21-535 

0-040 

25-843 

0-058 

10 

17-198 

0-026 

21-497 

0-040 

25-797 

0-058 

20 

17-167 

0-026 

21-459 

0-040 

25-751 

0-058 

30 

17-136 

0-026 

21-420 

0-040 

25-705 

0-059 

40 

17-106 

0-026 

21-382 

0-041 

25-659 

0-059 

50 

17-075 

0-026 

21-344 

0-041 

25-613 

0-059 

32 0 

17-044 

0-026 

21-305 

0-041 

25-566 

0-059 

10 

17-013 

0-026 

21 -266 

0-041 

25-519 

0-059 

20 

16-981 

0^6 

21-226 

0-041 

25-471 

0-059 

30 

16-949 

0-027 

21-186 

0-041 

25-423 

0-0^ 

40 

16-918 

0-027 

21-147 

0-041 

25-376 

0-060 

50 

16-886 

0-027 

21-107 

0-042 

25-329 

0-060 

33 0 

16-854 

0-027 

21-067 

0-042 

25-281 

o-o6o 

10 

16-822 

0-027 

21-027 

0-042 

25-233 

0-060 

20 

16-789 

0-027 

20-986 

0-042 

25-184 

o-o6o 

30 

16-756 

0-027 

20-945 

0-042 

25135 

0-060 

40 

16-724 

0-027 

20-905 

0-042 

25-086 

0-061 

50 

16-691 

0-027 

20-864 

0-043 

25-037 

0-061 

34 0 

16-658 

0-027 

20-823 

0-043 

24-988 

0-061 

10 

16-625 

0-027 

20-781 

0-043 

24-938 

o-o6i 

20 

16-592 

0-027 

20-739 

0-043 

24-888 

o-o6i 

30 

16-558 

0-027 

20-697 

0-043 

24-837 

0-061 

40 

16-525 

0-027 

20-656 

0-043 

24-787 

0-061 

50 

16-492 

0-027 

20-614 

0-043 

24-737 

0-062 

35 0 

16-458 

0-027 

20-572 

0-043 

24-687 

0-062 
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table XIV—^Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Absciss*. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

35 0 

4 -II 4 

0-002 

8-229 

0-007 

12-343 

0-016 

10 

4-106 

0-002 

8-212 

0-007 

12-318 

0-016 

20 

4-098 

0-002 

8-195 

0-007 

12-292 

0-016 

30 

4-089 

0-002 

8-178 

0-007 

12-266 

0-016 

40 

4-081 

0-002 

8-161 

0-007 

12-241 

0-016 

50 

4-072 

0-002 

8-144 

0-007 

12-215 

0-016 

36 0 

4-063 

0-002 

8-126 

0-007 

12-189 

0-016 

10 

4-055 

0-002 

8-109 

0-007 

12-163 

0-016 

20 

4-046 

0-002 

8-092 

0-007 

12-137 

0-016 

30 

4-037 

0-002 

8-074 

0-007 

12-110 

0-0l6 

40 

4-028 

0*002 

8-057 

0-007 

12-084 

0-016 

50 

4-019 

0-002 

8-039 

0-007 

12-058 

0-016 

37 0 

4-010 

0-002 

8-021 

0-007 

12-031 

0-016 

10 

4-001 

0-002 

8-003 

0-007 

12-004 

0-016 

20 

3-992 

0-002 

7-985 

0-007 

11-977 

0-016 

30 

3-983 

0-002 

7-967 

0-007 

11-950 

0-016 

40 

3-975 

0-002 

7-949 

0-007 

11-924 

0-0l6 

50 

3-966 

0-002 

7-931 

0-007 

11-897 

0-0l6 

38 0 

3-957 

0-002 

7-913 

0-007 

11-870 

0-016 

10 

3-948 

0-002 

7-895 

0-007 

11-843 

0-016 

20 

3-939 

0-002 

7-877 

0-007 

11-815 

0-016 

30 

3-929 

0-002 

7-858 

0-007 

11-787 

0-016 

40 

3-920 

0-002 

7-840 

0-007 

11-760 

0-016 

50 

3-911 

0-002 

7-822 

d-007 

11-733 

0-016 

39 0 

3-902 

0-002 

7-803 

0-007 

11-705 

0-016 

10 

3-893 

0-002 

7-785 

0-007 

11-677 

0-016 

20 

3-884 

0-002 

7-766 

0-007 

11-649 

0-016 

30 

3-874 

0-002 

7-747 

0-007 

11-621 

0-016 

40 

3-865 

0-002 

7-729 

0-007 

11-593 

0-016 

50 

3-855 

0-002 

7-710 

0-007 

11-565 

0-016 

40 0 

3-845 

0-002 

7-691 

0-007 

11-536 

0-017 

10 

3-836 

0-002 

7-672 

0-007 

11-508 

0-017 

20 

3-827 

0-002 

7-653 

0-007 

11-479 

0-017 

30 

3-817 

0-002 

7-634 

0-007 

11-450 

0-017 

40 

3-808 

0-002 

7-615 

0-007 

11-422 

0-017 

50 

3-798 

0-002 

7-596 

0-007 

11-393 

0-017 

41 0 

3-788 

0-002 

7-576 

0-007 

11-364 

0-017 
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Latitude. 

Abscissae and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

35 0 

16-458 

0-027 

20-572 

0-043 

24-687 

0-062 

10 

16-424 

0-027 

20-530 

0-043 

24-636 

0-062 

. 20 

16-390 

0-027 

20-487 

0-043 

24-585 

0-062 

30 

16-355 

0-027 

20-444 

0-043 

24-533 

0-062 

40 

16-321 

0-028 

20-402 

0-043 

24-482 

0-062 

50 

16-287 

0-028 

20-359 

0-043 

24-431 

0-063 

36 0 

16-253 

0-028 

20-316 

0-044 

24-379 

0-063 

10 

16-218 

0-028 

20-272 

0-044 

24-327 

0-063 

20 

16-183 

0-028 

20-228 

0-044 

24-274 

0-063 

30 

16-147 

0-028 

20-184 

0-044 

24-221 

0-063 

40 

16-112 

0-028 

20-140 

0-044 

24-169 

0-063 

50 

16-077 

0-028 

20-00 

0-044 

24-116 

0-063 

37 0 

16-042 

0-028 

20-052 

0-044 

24-063 

0-064 

10 

16-006 

0-028 

20-007 

0-044 

24-009 

0-064 

20 

15-970 

0-028 

19-02 

0-044 

23-955 

0-064 

30 

15-934 

0-028 

19-917 

0-044 

23-901 

0-064 

40 

15-898 

0-029 

19-873 

0-044 

23-848 

0-064 

50 

15-862 

0-029 

19-828 

0-044 

23-794 

0-064 

38 0 

15-826 

0-029 

19-783 

0-044 

23-740 

0-064 

10 

15-790 

0-029 

19737 

0-044 

23-685 

0-064 

20 

15-753 

0-029 

19-691 

0-044 

23-630 

0-064 

30 

15-716 

0-029 

19-645 

0-044 

23-575 

0-064 

40 

15-680 

0-029 

19-600 

0-044 

23-520 

0-064 

50 

15-643 

0-029 

19-554 

0-044 

23-465 

0-064 

39 0 

15-606 

0-029 

19-508 

0-044 

23-410 

0-064 

10 

15-569 

0-029 

19-462 

0-044 

23-354 

0-064 

20 

15-532 

0-029 

19-415 

0-044 

23-20 

0-064 

30 

15-494 

0-029 

19-368 

0-045 

23-242 

0-064 

40 

15-457 

0-029 

19-321 

0-045 

23-186 

0-064 

50 

15-420 

0-029 

19-274 

0-045 

23-130 

0-064 

40 0 

15-382 

0-029 

19-227 

0-045 

23-073 

0-064 

10 

15-344 

0-029 

19-180 

0-045 

23-016 

0-064 

20 

15-306 

0-029 

19-132 

0-045 

22-959 

0-064 

30 

15-268 

0-029 

19-084 

0-045 

22-901 

0-065 

40 

15-230 

0-029 

19-037 

• 0-045 

22-844 

0-065 

50 

15-192 

0-029 

18-989 

0-045 

22-787 

0-065 

41 0 

15-153 

0-029 

18-941 

0-045 

22-729 

0-065 
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TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 

Abstissae. 

Ordinates. 

Absciss®. 

Ordinates. 

Abscissae. | 

Ordinates. 

41 

0 

3788 

0-002 

7-576 

0-007 

11-364 

0-017 


10 

3779 

0-002 

7-557 

0-007 

11-335 

0-017 


20 

3769 

0-002 

7-538 

0-007 

11-306 

0-017 


30 

3759 

0-002 

7-518 

0-007 

11-277 

0-017 


40 

3750 

0-002 

7-499 

0-007 

11-248 

0-017 


50 

3740 

0-002 

7-479 

0-007 

11-219 

0-017 

42 

0 

3730 

0-002 

7-459 

0-007 

11-189 

0-017 


10 

3720 

0-002 

7-439 

0-007 

II-160 

0-017 


20 

3710 

0-002 

7-420 

0-007 

II-130 

0-017 


30 

3700 

0-002 

7-400 

0*007 

II -100 

0-017 


40 

3-690 

0-002 

7-380 

0-007 

11-070 

0-017 


50 

3-680 

0-002 

7-360 

0-007 

11-040 

0-017 

43 

0 

3-670 

0-002 

7-340 

0-007 

II-010 

0-017 


10 

3-660 

0-002 

7-320 

0-007 

10-980 

0-017 


20 

3-650 

0-002 

7-300 

0-007 

10-950 

0-017 


30 

3-640 

0-002 

7-279 

0-007 

10-919 

0-017 


40 

3-630 

0-002 

7-259 

0-007 

10-889 

0-017 


50 

3-620 

0-002 

7-239 

0-007 

10-859 

0-017 

44 

0 

3-609 

0-002 

7-219 

0-007 

10-828 

0-017 


10 

3-599 

0-002 

7-199 

0-007 

10-797 

0-017 


20 

3-589 

0-002 

7-178 

0-007 

10-766 

0-017 


30 

3-578 

0-002 

7-157 

0-007 

10-735 

0-017 


40 

3-568 

0-002 

7-137 

0-007 

10-704 

0-017 


50 

3-558 

0-002 

7-116 

0-007 

10-673 

0-017 

45 

0 

3-547 

0-002 

7-095 

0-007 

10-642 

0-017 


10 

3-537 

0-002 

7-074 

0-007 

10-611 

0-017 


20 

3-527 

0-002 

7-053 

0-007 

10-580 

0-017 


30 

3-516 

0-002 

7-032 

0-007 

10-548 

0-017 


40 

3-506 

0-002 

7-011 

0-007 

10-517 

0-017 


50 

3-496 

0-002 

6-990 

0-007 

10-486 

0-017 

46 

0 

3-485 

0-002 

6-969 

0-007 

10-454 

0-017 


10 

3-475 

0-002 

6-948 

0-007 

10-422 

0-017 


20 

3-464 

0-002 

6-927 

0-007 

10-390 

0-017 


30 

3-453 

0-002 

6-906 

0-007 

10-358 

0-017’ 


40 

3-443 

0-002 

6-884 

0-007 

10-326 

0-017 


50 

3-432 

0-002 

6-863 

0-007 

10-294 

0-017 

47 

0 

3-421 

0-002 

6-842 

0-007 

10-262 

0-017 
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Abscissae and Ordinates for 


Latitude 

20' Longitude. 

25' Longitude. 

30' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

41 0 

15-153 

0-029 

18-941 

0-045 

22-729 

0-065 

10 

15-114 

0-029 

18-893 

0-045 

22-671 

0-065 

20 

15-075 

0-029 

18-844 

0-045 

22-613 

0-065 

30 

15-036 

0-029 

18-795 

0-045 

22-554 

0-065 

40 

14-997 

0-029 

18-746 

0-045 

22-496 

0-065 

50 

14-958 

0-029 

18-697 

0-045 

22-437 

0-065 

42 0 

14-918 

0-029 

18-648 

0-045 

22-378 

0-065 

10 

14-879 

0-029 

18-599 

0-045 

22-319 

0-065 

20 

14-839 

0-029 

18-549 

0-045 

22-259 

0-065 

30 

14-799 

0-029 

18-499 

0-045 

22-199 

0-065 

40 

14-760 

0-029 

18-450 

0-045 

22-140 

0-065 

50 

14-720 

0-029 

18-400 

0-045 

22-080 

0-065 

43 0 

14-680 

0-029 

18-350 

0-045 

22-020 

0-065 

10 

14-640 

0-029 

18-300 

0-045 

21-960 

0-065 

20 

14-600 

0-029 

18-249 

0-045 

21-^9 

0-065 

30 

14-559 

0-029 

18-198 

0-045 

21-838 

0-065 

40 

14-519 

0-029 

18-148 

0-045 

21 -778 

0-065 

50 

14-479 

0-030 

18-098 

0-045 

21-717 

0-065 

44 0 

14-438 

0-030 

18-047 

0-045 

21-656 

0-065 

10 

14-397 

0-030 

17-996 

0-045 

21-595 

0-065 

20 

14-356 

0-030 

17-944 

0-045 

21-533 

0-065 

30 

14-314 

0-030 

17-892 

0-045 

21-471 

0-065 

40 

14-273 

0-030 

17-841 

0-046 

21-409 

0-066 

50 

14-232 

0-030 

17-789 

0-046 

21-347 

0-066 

45 0 

14-190 

0-030 

17-737 

0-046 

21-285 

0-066 

10 

14-148 

0-030 

17-685 

0-046 

21-223 

0-066 

20 

14-106 

0-030 

17-633 

0-046 

21-160 

0-066 

30 

14-064 

0-030 

17-580 

0-046 

21-097 

0-066 

40 

14-022 

0-030 

17-528 

0-046 

21-034 

0-066 

50 

13-980 

0-030 

17-476 

0-046 

20-971 

0-066 

46 0 

13-938 

0-030 

17-423 

0-046 

20-908 

0-066 

10 

13-896 

0-030 

17-370 

0-045 

20-845 

0-066 

20 

13-854 

0-030 

17-317 

0-045 

20-781 

0-065 

30 

13-811 

9^-030 

17-264 

0-045 

20-717 

0-065 

40 

13-769 

0-030 

17-211 

0-045 

20-653 

0-065 

50 

13-726 

0-030 

17-158 

0-045 

20-589 

0-065 

47 0 

13-683 

0-030 

17-105 

0-045 

20-525 

0-065 
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Tables 

TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

47 0 

3-421 

0-002 

6-842 

0-007 

10-262 

0-017 

10 

3-411 

0-002 

6-821 

0-007 

10-230 

0-017 

20 

3-400 

0-002 

6-799 

0-007 

10-198 

0-017 

30 

3-389 

0-002 

6-777 

0-007 

10-165 

0-017 

40 

3-378 

0-002 

6-755 

0-007 

10-133 

0-017 

50 

3-367 

0-002 

6-733 

0-007 

lO-IOI 

0-017 

48 0 

3-356 

0-002 

6-712 

0-007 

10-068 

0-017 

10 

3-345 

0-002 

6-690 

0-007 

10-035 

0-017 

20 

3-334 

0-002 

6-668 

0-007 

10-002 

0-017 

30 

3-323 

0-002 

6-646 

0-007 

9-969 

0-017 

40 

3-312 

0-002 

6-624 

0-007 

9-936 

0-017 

50 

3-301 

0-002 

6-602 

0-007 

9-903 

0-017 

49 0 

3-290 

0-002 

6-580 

0-007 

9-869 

0-017 

10 

3-279 

0-002 

6-558 

0-007 

9-836 

0-017 

20 

3-268 

0-002 

6-536 

0-007 

9-803 

0-017 

30 

3-257 

0-002 

6-513 

0-007 

9-769 

0-017 

40 

3-246 

&-002 

6-491 

0-007 

9-736 

0-017 

50 

3 - 2’35 

0-002 

6-469 

0-007 

9-702 

0-017 

50 0 

3-223 

0-002 

6-446 

0-007 

9-668 

0-017 

10 

3-212 

0-002 

6-424 

0-007 

9-635 

0-017 

20 

3-201 

0-002 

6-401 

0-007 

9-601 

0-017 

30 

3-189 

0-002 

6-378 

0-007 

9-567 

0-017 

40 

3-178 

0-002 

6-356 

0-007 

9-533 

0-017 

50 

3-167 

0-002 

6-333 

0-007 

9-499 

0-017 

51 0 

3-155 

0-002 

6-310 

0-007 

9-465 

0-017 

10 

3-144 

0-002 

6-287 

0-007 

9-431 

0-017 

20 

3-133 

0-002 

6-264 

0-007 

9-397 

0-017 

30 

3-121 

0-002 

6-241 

0-007 

9-362 

0-016 

40 

3-110 

0-002 

6-218 

0-007 

9-328 

0-016 

50 

3-098 

0-002 

6-195 

0-007 

9-293 

0-016 

52 0 

3-086 

0-002 

6-172 

0-007 

9-258 

0-016 


3-075 

0-002 

6-149 

0-007 

9-224 

0-016 

20 

3-063 

0-002 

6-126 

0-007 

9-189 

0-016 

30 

3-051 

0-002 

6-103 

0-007 

9-154 

0-016 

40 

3-040 

0-002 

6-079 

0-007 

9-II9 

0-016 

50 

3-028 

0-002 

6-056 

0-007 

9-084 

0-016 

53 0 

3-016 

0-002 

6-033 

0-007 

9-049 

0-016 
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Abscissae and Ordinates for 


latitude. 

20' Longitude. 

25' Longitude. 

30'' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

47 0 

13-683 

0-030 

17-105 

0-045 

20-525 

0-065 

10 

13-640 

0-029 

17-051 

0-045 

20-460 

0-065 

20 

13-596 

0-029 

16-997 

0-045 

20-395 

0-065 

30 

13-553 

0-029 

16-043 

0-045 

20-330 

0-065 

40 

13-510 

0-029 

i 6 - 88 q 

0-045 

20-265 

0-065 

50 

13-467 

0-029 

16-835 

0-045 

20-200 

0-065 

48 0 

13-423 

0-029 

16-780 

0-045 

20-135 

0-065 

10 

13-380 

0-029 

16-725 

0-045 

20-069 

0-065 

20 

13-336 

0-029 

16-670 

0-045 

20-003 

0-065 

30 

13-292 

0-029 

16-615 

0-045 

19-937 

0-065 

40 

13-248 

0-029 

16-560 

0-045 

19-871 

0-065 

50 

13-204 

0-029 

16-505 

0-045 

19-805 

0-065 

49 0 

13-160 

0-029 

16-450 

0-045 

19-739 

0-065 

10 

13-116 

0-029 

16-394 

0-045 

19-672 

0-065 

20 

13-071 

0-029 

16-338 

0-045 

19-605 

0-065 

30 

13-026 

0-029 

16-282 

0-045 

19-538 

0-065 

40 

12-982 

0-029 

16-226 

0-045 

19-471 

0-065 

50 

12-937 

0-029 

16-170 

0-045 

19-404 

0-065 

50 0 

12-892 

0-029 

16-114 

0-045 

19-337 

0-065 

10 

12-847 

0-029 

16-058 

0-045 

19-270 

0-065 

20 

12-802 

0-029 

16-002 

0-044 

19-202 

0-065 

30 

12-756 

0-029 

15-945 

0-044 

19-134 

0-064 

40 

12-711 

0-029 

15-889 

0-044 

19-066 

0-064 

50 

12-666 

0-029 

15-832 

0-044 

18-998 

0-064 

51 0 

12-620 

0-029 

15-775 

0-044 

18-930 

0-064 

10 

12-575 

0-029 

15-718 

0-044 

18-862 

0-064 

20 

12-529 

0-029 

15-661 

0-044 

18-793 

0-064 

30 

12-483 

0-029 

15-603 

0-044 

18-724 

0-063 

40 

12-437 

0-029 

15-546 

0-044 

18-655 

0-063 

50 

12-391 

0-029 

15-489 

0-044 

18-586 

0-063 

52 0 

12-345 

0-029 

15-431 

0-044 

18-517 

0-063 

10 

12-299 

0-029 

15-373 

0-044 

18-448 

0-063 

20 

12-253 

0-028 

15-315 

0-044 

18-378 

0-063 

30 

12-206 

0-028 

15-257 

0-043 

18-308 

0-063 

40 

12-159 

0-028 

15-198 

0-043 

18-238 

0-063 

50 

12-112 

V028 

15-140 

0-043 

18-168 

0-063 

53 0 

12-065 

0-028 

15-083 

0-043 

18-098 

0-063 
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Tables 

TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

53 0 

3-016 

0-002 

6-033 

0-007 

9-049 

0-016 

10 

3-005 

0-002 

6-009 

0-007 

9-014 

0-016 

20 

2-993 

0-002 

5-985 

0-007 

8-978 

0-016 

30 

2-981 

0-002 

5-962 

0-007 

8-943 

0-016 

40 

2-969 

0-002 

5-938 

0-007 

8-907 

0-016 

50 

2-957 

0-002 

5-914 

0-007 

8-872 

0-016 

54 0 

2-946 

0-002 

5-891 

0-007 

8-837 

0-016 

10 

2-934 

0-002 

5-867 

0-007 

8-801 

0-016 

20 

2-922 

0-002 

5-844 

0-007 

8-765 

0-016 

30 

2-910 

0-002 

5-820 

0-007 

8-730 

0-016 

40 

2-898 

0-002 

5-796 

0-007 

8-695 

0-016 

50 

2-886 

0-002 

5-773 

0-007 

8-659 

0-016 

55 0 

2-874 

0-002 

5-749 

0-007 

8-623 

0-016 

lO 

2-862 

0-002 

5-725 

0-007 

8-587 

0-016 

20 

2-850 

0-002 

5-701 

0-007 

8-551 

0-016 

30 

2-838 

0-002 

5-676 

0-007 

8-514 

0-016 

40 

2-826 

0-002 

5-652 

0-007 

8-478 

0-016 

50 

2-814 

0-002 

5-628 

0-007 

8-442 

0-016 

56 0 

2-802 

0-002 

5-604 

0-007 

8-405 

0-016 

10 

2-790 

0-002 

5-580 

0-007 

8-369 

0-015 

20 

2-778 

0-002 

5-556 

0-007 

8-333 

0-015 

30 

2-765 

0-002 

5-531 

0-007 

8-296 

0-015 

40 

2-753 

0-002 

5-507 

0-007 

8-260 

0-015 

50 

2-741 

0-002 

5-482 

0-007 

8-223 

0-015 

57 0 

2-729 

0-002 

5-457 

0-007 

8-186 

0-015 

10 

2-717 

0-002 

5-433 

0-007 

8-149 

0-015 

20 

2-705 

0-002 

5-408 

0-007 

8-112 

0-015 

30 

2-692 

0-002 

5-383 

0-007 

8-075 

0-015 

40 

2-680 

0-002 

5-359 

0-007 

8-038 

0-015 

50 

2-668 

0-002 

5-334 

0-007 

8-001 

0-015 

58 0 

2-655 

0-002 

5-309 

0-007 

7-964 

0-015 

10 

2-643 

0-002 

5-284 

0-007 

7.927 

0-015 

20 

2-630 

0-002 

5-259 

0-006 

7-889 

0-015 

30 

2-617 

0-002 

5-234 

0-006 

7-851 

0-015 

40 

2-605 

0-002 

5-210 

0-006 

7-814 

. 0-015 

50 

2-593 

0-002 

5-185 

0-006 

7-777 

0-015 

59 0 

2-580 

0-002 

5-160 

0-006 

7-739 

0-015 




















Tables 

of Charts and Surveys 


625 


Latitude 

Abscissa: and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude. 

Abscissae. 

Ordinates. 

Absciss*. 

Ordinates. 

Absciss*. 

Ordinates. 

53 0 

12-065 

0-028 

15-082 

0-043 

18-098 

0-063 

10 

I2-0 i 8 

0-028 

15-023 

0-043 

18-028 

0-063 

20 

11-971 

0-028 

14-964 

0-043 

17-958 

0-063 

30 

11-924 

0-028 

14-905 

0-043 

17-887 

0-062 

40 

11-877 

0-028 

14-846 

0-043 

17-816 

0-062 

50 

11-830 

0-028 

14-787 

0-043 

17745 

0-062 

54 0 

11-783 

0-028 

14-728 

0-043 

17-674 

0-062 

10 

11-735 

0-028 

14-668 

0-043 

17-602 

0-062 

20 

11-687 

0-028 

14-609 

0-043 

17-531 

0-062 

30 

11-640 

0-028 

14-550 

0-042 

17-460 

0-062 

40 

11-593 

0-028 

14-491 

0-042 

17-389 

0-062 

50 

11-545 

0-028 

14-432 

0-042 

17-318 

0-062 

55 o 

11-497 

0-028 

14-372 

0-042 

17-246 

0-062 

10 

11-449 

0-027 

14-312 

0-042 

17-174 

o-o6i 

20 

II-401 

0-027 

14-251 

0-042 

17-IOI 

0-061 

30 

11-352 

0-027 

14-190 

0-042 

17-028 

0-061 

40 

11-304 

0-027 

14-130 

0-042 

16-955 

0-061 

50 

11-256 

0-027 

14-070 

0-042 

16-883 

0-061 

56 0 

11-207 

0-027 

14-009 

0-042 

16-811 

0-061 

10 

11-159 

0-027 

13-949 

0-042 

16-738 

0-060 

20 

II-IIO 

0-027 

13-888 

0-042 

16-665 

0-060 

30 

II-061 

0-027 

13-827 

0-042 

16-592 

0-060 

40 

II-013 

0-027 

13-766 

0-042 

16-519 

0-060 

50 

10-964 

0-027 

13-705 

0-042 

16-446 

0-060 

57 0 

10-915 

0-027 

13-644 

0-042 

16-372 

0-060 

10 

10-866 

0-027 

13-582 

0-042 

16-298 

0-060 

20 

10-817 

0-026 

13-520 

0-041 

16-224 

0-060 

30 

10-767 

0-026 

13-458 

0-041 

16-150 

0-059 

40 

10-718 

0-026 

13-397 

0-041 

16-076 

0-059 

50 

10-669 

0-026 

13-335 

0-041 

16-002 

0-059 

58 0 

10-619 

0-026 

13-273 

0-041 

15-928 

0-059 

10 

10-569 

0-026 

13-211 

0-040 

15-853 

0-059 

20 

10-519 

0-026 

13-149 

0-040 

15-778 

0-059 

30 

10-469 

0-026 

13-086 

0-040 

15-703 

0-058 

40 

10-419 

0-026 

13-024 

0-040 

15-628 

0-058 

50 

10-369 

0-026 

12-962 

0-040 

15-553 

0-058 

59 

10-319 

0-026 

12-899 

0-040 

15-479 

0-058 
















Tables 

TABLE XIV—Table for the Graduation 



Abscissae and Ordinates for 

Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

59 O 

2-580 

0-002 

5-160 

0-006 

7739 

0-015 

10 

2-568 

0-002 

5-135 

0-006 

7-702 

0-015 

20 

2-555 

0-002 

5-110 

0-006 

7-664 

0-014 

30 

2-542 

0-002 

5-084 

0-006 

7-626 

0-014 

40 

2-530 

0-002 

5-059 

0-006 

7-588 

0-014 

50 

2-517 

0-002 

5-034 

0-006 

7-550 

0-014 

6o 0 

2-504 

6-002 

5-008 

0-006 

7-512 

0-014 

10 

2-492 

0-002 

4-983 

0-006 

7.474 

0-014 

20 

2-479 

0-002 

4-9.58 

0-006 

7-436 

0-014 

30 

2-466 

0-002 

4-932 

0-006 

7-398 

0-014 

40 

2-454 

0-002 


0-006 

7-360 

0-014 

50 

2-441 

0-002 

4-882 

0-006 

7-322 

0-014 

6i 0 

2-428 

0-002 

4-856 

0-006 

7-283 

0-014 

10 

2-415 

0-002 

4-831 

0-006 

7-245 

0-014 

20 

2-402 

0-002 

4-805 

0-006 

7-207 

0-014 

30 

2-389 

0-002 

4-779 

0-006 

7-168 

0-014 

40 

2-377 

0-002 

4-754 

0-006 

7-130 

0-014 

50 

2-364 

0-002 

4-728 

0-006 

7-091 

0-014 

62 0 

2-351 

0-002 

4-702 

0-0.06 

7-052 

0-014 

10 

2-338 

0-002 

4-676 

0-006 

7-014 

0-014 

20 

2-325 

0-002 

4-650 

0-006 

6-975 

0-014 

30 

2-312 

0-002 

4-624 

0-006 

6-936 

0-013 

40 

2-299 

0-002 

4-598 

0-006 

6-897 

0-013 

50 

2-286 

0-002 

4-572 

0-006 

6-858 

0-013 

63 0 

2-273 

0-002 

4-546 

0-006 

6-819 

0-013 

10 

2-260 

0-002 

4-520 

0-006 

6-780 

0-013 

20 

2-247 

0-002 

4-494 

0-006 

6-741 

0-013 

30 

2-234 

0-002 

4-468 

0-006 

6-701 

0-013 

40 

2-221 

0-002 

4-442 

0-006 

6-662 

0-013 

50 

2-208 

0-002 

4-416 

0-006 

6-623 

0-013 

64 0 

2-195 

0-002 

4-389 

0-006 

6-584 

0-013 

10 

2-182 

0-002 

4-363 

0-005 

6-545 

0-013 

20 

2-169 

0-002 

4-337 

0-005 

6-505 

0-013 

30 

2-155 

0-002 

4-310 

0-005 

6-465 

0-012 

40 

2-142 

0-002 

4-284 

0-005 

6-426 

0-012 

50 

2-129 

0-002 

4-258 

0-005 

6-387 

0-012 

65 0 

2-116 

0-002 

4-231 

0-005 

6-347 

0-012 

1 
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527 




Latitude 

Abscissae and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

59 0 

10-319 

0-026 

12-899 

0-040 

15-479 

0-058 


10-269 

0-026 

12-836 

0-040 

15-404 

0-058 



0-026 

12-773 

0-040 

15-328 

0-057 

30 


0-025 

12-710 

0-039 

15-252 

0-057 

40 


0-025 

12-647 

0-039 

15-177 

0-057 

50 


0-025 

12-584 

0-039 

15-101 

0-057 

6o 0 

10-016 

0-025 

12-520 

0-039 

15-025 

0-056 


9-966 

0-025 

12-457 

0-039 

14-949 

0-056 


9-915 

0-025 

12-394 

0-039 

14-873 

0-055 

30 


0-025 

12-330 

0-039 

14-796 

0-055 

40 

9-813 

0-025 

12-267 

1 0-039 

14-720 

0-055 

50 

9-762 

0-025 

12-203 

0-039 

14-644 

0-055 

61 0 

9-7II 

0-025 

12-139 

0-039 

14-567 

0-055 

10 

9-660 

0-025 

12-075 

0-039 

14-490 

0-055 

20 

9-609 

0-025 

12-oir 

0-038 

14-413 

0-055 

30 

9-557 

0-024 

11-947 

0-038 

14-336 

0-055 

40 

9-506 

0-024 

11-883 

0-038 

14-259 

0-055 

50 

9-455 

0-024 

11-819 

0-038 

14-182 

0-055 

62 0 

9-403 

0-024 

II 754 

0-038 

14-105 

0-055 

10 

9-352 

0-024 

11-690 

0-038 

14-028 

0-054 

20 

9-300 

0-024 

11-625 

0-037 

13-950 

0-054 

30 

9-248 

0-023 

11-560 

0-037 

13-872 

0-054 

40 

9-196 

0-023 

11-495 

0-037 

13-795 

0-054 

50 

9-144 

0-023 

11-430 

0-037 

13-717 

0-054 

63 0 

9-092 

0-023 

11-365 

0-037 

13-639 

0-053 

10 

9-040 

0-023 

11-300 

0-036 

13-561 

0-053 

20 

8-988 

0-023 

11-235 

0-036 

13-482 

0-053 

30 

8-935 

0-023 

11-169 

0-036 

13-403 

0-053 

40 

8-883 

0-023 

11-104 

0-036 

13-325 

0-052 

50 

8-831 

0-023 

11-039 

0-036 

13-247 

0-052 

64 0 

8-779 

0-022 

10-973 

0-035 

13-168 

0-052 

10 

8-727 

0-022 

10-908 

0-035 

13-089 

0-051 

20 

8-674 

0-022 

10-842 

0-035 

13-010 

0-051 

30 

8-621 

0-022 

10-776 

0-035 

12-931 

0-051 

40 

8-569 

0-022 

10-710 

0-035 

12-852 

0-050 

50 

8-516 

0-022 

10-644 

0-035 

12-773 

0-050 

65 0 

8-463 

0-022 

10-578 

0-035 

12-694 

0-050 



























Tables 

TABLE XIV—Table for the Graduation 



Abscissae and Ordinates for 

Latitude. 

5' Longitude. 

10' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

65 0 

2-ii6 

0-002 

4-231 

0-005 

6-347 

0-012 

10 

2-103 

0-002 

4-205 

0-005 

6-307 

0-012 

20 

2-090 

0-002 

4-179 

0-005 

6-267 

0-012 

30 

2-076 

0-002 

4-152 

0-005 

6-227 

0-012 

40 

2-063 

0-002 

4-126 

0-005 

6-187 

0-012 

50 

2-050 

0-002 

4-099 

0-005 

6-147 

0-012 

66 0 

2-036 

0-002 

4-072 

0-005 

6-107 

0-012 

10 

2-023 

0-001 

4-046 

0-005 

6-067 

0-012 

20 

2-010 

0-001 

4-019 

0-005 

6-027 

0-012 

30 

1-996 

0-001 

3-992 

0-005 

5-987 

0-012 

40 

1-983 

0-001 

3-965 

0-005 

5-947 

0-012 

50 

1-970 

0-001 

3-938 

0-005 

5-907 

0-012 

67 0 

1-956 

0-001 

3-911 

0-005 

5-867 

0012 

10 

1-943 

0-001 

3-884 

0-005 

5-827 

0-012 

20 

1-929 

0-001 

3-857 

0-005 

5-786 

0-012 

30 

1-915 

0-001 

3-830 

0-005 

5-745 

o-oii 

40 

1-902 

0-001 

3-803 

0-005 

5-705 

O-OII 

50 

1-889 

0-001 

3-776 

0-005 

5-665 

O-OII 

68 0 

1-875 

0-001 

3-749 

0-005 

5-624 

O-OII 

10 

1-862 

0-001 

3-723 

0-005 

5-584 

O-OII 

20 

1-848 

0-001 

3-696 

0-005 

5-543 

O-OII 

30 

1-834 

0-001 

3-668 

0-005 

5-502 

O-OII 

40 

1-821 

0-001 

3-641 

0-005 

5-462 

O-OII 

50 

1-807 

0-001 

3-614 

0-005 

5-421 

O-OII 

60 0 

1-793 

0-001 

3-587 

0-005 

5-380 

O-OII 

10 

1-780 

0-001 

3-560 

0-005 

5-339 

O-OII 

20 

1-766 

0-001 

3-533 

0-005 

5-298 

O-OII 

30 

1-752 

0-001 

3-505 

0-005 

5-257 

O-OII 

40 

1-739 

0-001 

3-478 

0-005 

5-216 

0-010 

50 

1-725 

0-001 

3-451 

0-004 

5-175 

0-010 

70 0 

1-711 

o-ooi 

3-423 

0-004 

5-134 

0-010 

10 

1-698 

0-001 

3-396 

0-004 

5-093 

0-010 

20 

1-684 

O-OOI 

3-368 

0-004 

5-052 

O-OiO 

30 

1-670 

O-OOI 

3-340 

0-004 

5-010 

0-010 

40 

1-657 

O-OOI 

3-313 

0-004 

4-969 

O-OIO 

50 

1-643 

O-OOI 

3-286 

0-004 

4-928 

O-OIO 

71 0 

1-629 

O-OOI 

3-258 

0-004 

4-886 

O-OIO 







































of Charts and Surveys 


Abscissae and Ordinates for 


Latitude. 

20' Longitude. 

25' Longitude. 

30' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. | 

Ordinates. 

Abscissae. 

Ordinates. 

65 0 

8-463 

0-022 

10-578 

0-035 

12-694 

0-050 

10 

8-410 

0-022 

10-512 

0-035 

12-615 

0-050 

20 

8-357 

0-022 

10-446 

0-035 

12-535 

0-049 

30 

8-303 

0-022 

10-379 

0-034 

12-455 

0-049 

40 

8-250 

0-022 

10-313 

0-034 

12-375 

0-049 

50 

8-197 

0-022 

10-247 

0-034 

12-295 

0-048 

66 0 

8-143 

0-022 

10-180 

0-034 

12-215 

0-048 

10 

8-090 

0-021 

IO-II3 

0-034 

12-135 

0-048 

20 

8-037 

0-021 

10-046 

0-034 

12-055 

0-048 

30 

7-983 

0-021 

9-979 

0-033 

11-975 

0-048 

40 

7-930 

0-021 

9-912 

0-033 

11-895 

0-048 

50 

7-877 

0-021 

9-845 

0-033 

11-815 

0-047 

67 0 

7-823 

0-021 

9-778 

0-033 

11-734 

0-047 

10 

7-769 

0-021 

9 - 7 II 

0-033 

11-653 

0-047 

20 

7-715 

0-021 

9-644 

0-032 

11-572 

0-047 

30 

7-661 

0-021 

9-576 

0-032 

II-491 

0-046 

40 

7-607 

0-021 

9-509 

0-032 

II-410 

0-046 

50 

7-553 

0-020 

9-442 

0-031 

11-329 

0-046 

68 0 

7-499 

0-020 

9-374 

0-031 

11-248 

0-046 

10 

7-445 

0-020 

9-306 

0-031 

II-i^ 

0-046 

20 

7-391 

0-020 

9-238 

0-031 

11-086 

0-045 

30 

7-336 

0-020 

9-170 

0-031 

11-004 

0-045 

40 

7-282 

0-020 

9-103 

0-030 

10-923 

0-045 

50 

7-228 

0-019 

9-035 

0-030 

10-842 

0-044 

69 0 

7-173 

0-019 

8-967 

0-030 

10-760 

0-044 

10 

7-119 

0-019 

8-899 

0-030 

10-678 

0-044 

20 

7-064 

0-019 

8-831 

0-030 

10-596 

0-043 

30 

7-009 

0-019 

8-762 

0-030 

10-514 

0-043 

40 

6-955 

0-019 

8-694 

0-029 

10-433 

0-043 

50 

6-901 

0-019 

8-626 

0029 

10-351 

0-042 

70 0 

6-846 

0-019 

8-557 

0-029 

10-269 

0-042 

10 

6-791 

0-019 

8-489 

0-029 

10-187 

0-042 

20 

6-736 

0-019 

8-420 

0-029 

10-104 

0-041 

30 

6-681 

0-019 

8-351 

0-029 

10-021 

0-041 

40 

6-626 

0-018 

8-282 

0-029 

9-939 

0-041 

50 

6-571 

0-018 

8-213 

0-028 

9-856 

0-041 

71 0 

6-515 

0-018 

8-144 

0-028 

9-773 

0-041 






















630 


Tables 

TABLE XIV—Table for the Graduation 


Latitude. 

Abscissae and Ordinates for 

5' Longitude. 

10' Longitude. 

15' Longitude. 

Absciss®. 

Ordinates. 

Absciss®. 

Ordinates. 

Absciss®. 

Ordinates. 

71 0 

1-629 

0-001 

3-258 

0-004 

4-886 

0-010 

10 

1-615 

0-001 

3-231 

0-004 

4-845 

0-010 

20 

I-601 

0-001 

3-203 

0-004 

4-804 

0-010 

30 

1-587 

0-001 

3-175 

0-004 

4-762 

0-010 

40 

1-574 

0-001 

3-148 

0-004 

4-721 

0-009 

50 

1-560 

0-001 

3-120 

0-004 

4-680 

0-009 

72 0 

1-546 

0-001 

3-092 

0-004 

4-638 

0-009 

10 

1-532 

0-001 

3-065 

0-004 

4-597 

0-009 

20 

1-518 

0-001 

3-037 

0-004 

4-555 

0-009 

30 

1-504 

0-001 

3-009 

0-004 

4-513 

0-009 

40 

I-491 

0-001 

2-981 

0-004 

4-472 

0-009 

50 

1-477 

0-001 

2-953 

0-004 

4-430 

0-009 

73 0 

1-463 

0-001 

2-925 

0-004 

4-388 

0-009 

10 

1-449 

0-001 

2-897 

0-004 

4-346 

0-009 

20 

1-435 

0-001 

2-869 

0-004 

4-304 

0-009 

30 

I-421 

0-001 

2-841 

0-004 

4-262 

0-009 

40 

1-407 

0-001 

2-814 

0-004 

4-220 

0-009 

50 

1-393 

0-001 

2-786 

0-003 

4-178 

0-009 

74 0 

1-379 

0-001 

2-758 

0-003 

4-136 

0-009 

10 

1-365 

0-001 

2-730 

0-003 

4-094 

0-009 

20 

I-351 

0-001 

2-702 

0-003 

4-052 

0-009 

30 

1-337 

0-001 

2-674 

0-003 

4-010 

0-009 

40 

1-323 

0-001 

2-646 

0-003 

3-968 

0-008 

50 

1-309 

0-001 

2-618 

0-003 

3-926 

0-008 

75 0 

1-295 

0-001 

2-589 

0-003 

3-884 

0-008 

10 

1-281 

0-001 

2-561 

0-003 

3-842 

0-008 

20 

1-267 

0-001 

2-533 

0-003 

3-800 

0-008 

30 

1-252 

0-001 

2-505 

0-003 

3-757 

0-008 

40 

1-238 

0-001 

2-477 

0-003 

3-715 

0-008 

50 

1-224 

0-001 

2-449 

0-003 

3-673 

0-008 

76 0 

I-210 

0-001 

2-420 

0-003 

3-630 

0-008 

10 

1-196 

0-001 

2-392 

0-003 

3-588 

0-008 

20 

1-182 

0-001 

2-364 

0-003 

3-545 

0-008 

30 

1-167 

0-001 

2-335 

0-003 

3-502 

0-008 

40 

1-153 

0-001 

2-307 

0-003 

3-460 

0-007 

50 

1-139 

0-001 

2-279 

0-003 

3-418 

0-007 

77 0 

1-125 

0-001 

2-250 

0-003 

3-375 

0-007 
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Latitude. 

Abscissae and Ordinates for 

20' Longitude. 

25' Longitude. 

30' Longitude. 

Absciss®. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

71 O 

6-515 

0*018 

8*144 

0*028 

9-773 

0*041 

lO 

6*460 

0*018 

8*075 

0*028 

9*691 

0*040 

20 

6*405 

0*0l8 

8 *006 

0*027 

9*608 

0*040 

30 

6*350 

0*018 

7-937 

0*027 

9-525 

0*039 

40 

6*295 

0*017 

7*869 

0*027 

9-443 

0-039 

50 

6*240 

0*017 

7*800 

0*027 

9-360 

0*038 

72 0 

6*185 

0*017 

7-731 

0*027 

9-277 

0*038 

10 

6*130 

0*017 

7*662 

0*026 

9*194 

0-037 

20 

6*074 

0*017 

7-592 

0*026 

9*110 

0*037 

30 

6*018 

0*017 

7-522 

0*026 

9*026 

0*037 

40 

5-963 

0*017 

7-453 

0*026 


0*036 

50 

5-907 

0*016 

7-383 

0*025 

8*860 

0*036 

73 0 

5-851 

0*016 

7-313 

0*025 

8*776 

0*036 

10 

5-795 

0*016 

7-243 

0*025 

8*692 

0*036 

20 

5-739 

0*0l6 

7-173 

0*025 

8*608 

0*035 

30 

5-683 

0*016 

7*103 

0*025 

8-524 

0*035 

40 

5-627 

o*oi6 

7-034 

0*024 

8*441 

0*035 

50 

5-571 

0*015 

6*964 

0*024 

8-357 

0*035 

74 0 

5-515 

0*015 

6*894 

0*024 

8-273 

0*035 

10 

5-459 

0-015 

6*824 

0*024 

8*189 

0*034 

20 

5-403 

0-015 

6-754 

0*023 

8*105 

0*034 

30 

5-347 

0*015 

6*684 

0*023 

8*021 

0*034 

40 

5*291 

0*015 

6*614 

0*023 

7-937 

0*034 

50 

5-235 

0*015 

6-544 

0*022 

7-853 

0*033 

75 0 

5-179 

0*015 

6-473 

0*022 

7*7^ 

0*033 

10 

5-123 

0*015 

6*403 

0*022 

7*684 

0*032 

20 

5*066 

0*015 

6-333 

0*022 

7-599 

0*032 

30 

5-ooq 

0*015 

6*262 

0*022 

7-514 

0*032 

40 

4-953 

0*015 

6*192 

0*022 

7-430 

0*031 

50 

4-897 

0*014 

6*121 

0*022 

7-345 

0*031 

76 0 

4*840 

0-014 

6*050 

0*022 

7*260 

0*031 

10 

4-784 

0*014 

5-979 

0*022 

7-175 

0*031 

20 

4-727 

0-014 

5*908 

0*021 

7*090 

0*030 

30 

4*670 

0*014 

5-837 

0*021 

7-005 

0*030 

40 

4*614 

0*014 

5-767 

0*021 

6*920 

0*030 

50 

4-557 

0*013 

5-696 

0*020 

6-853 

0*029 

77 0 

4-500 

0*013 

5-625 

0*020 

6-750 

0*029 
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TABLE XIV—Table for the Graduation 


Abscissae and Ordinates for 


Latitude. 

5' Longitude. 

lo' Longitude. 

15' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

77 0 

1-125 

0-001 

2-250 

0-003 

3-375 

0-007 

10 

I-III 

0-001 

2-222 

0-003 

3-333 

0-007 

20 

1-097 

0-001 

2-194 

0-003 

3-290 

0-007 

30 

1-082 

0-001 

2-165 

0-003 

3-247 

0-007 

40 

1-068 

0-001 

2-137 

0-003 

3-205 

0-007 

50 

1-054 

0-001 

2-109 

0-003 

3-163 

0-007 

78 0 

1-040 

0-001 

2-080 

0-003 

3-120 

0-007 

10 

1-026 

0-001 

2-052 

0-002 

3-077 

0-007 

20 

I-012 

0-001 

2-023 

0-002 

3-034 

0-007 

30 

0-997 

0-001 

1-994 

0-002 

2-991 

0-006 

40 

0-983 

0-001 

1-966 

0-002 

2-949 

0-006 

50 

0-969 

0-001 

1-938 

0-002 

2-906 

0-006 

79 0 

10 

0-954 

0-940 

0-001 

0-001 

1-909 

1-881 

0-002 

0-002 

2-863 

2-820 

0-006 

0-006 

20 

0-926 

0-001 

1-852 

0-002 

2-777 

0-006 

30 

0-911 

0-001 

1-823 

0-002 

2-734 

0-005 

40 

0-897 

0-001 

1-795 

0-002 

2-691 

0-005 

50 

0-883 

0-001 

1-766 

0-002 

2-648 

0-005 

80 0 

0-868 

0-001 

1-737 

0-002 

2-605 

0-005 
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Abscissae and Ordinates for 


Latitude 

20' Longitude. 

25' Longitude. 

30' Longitude. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

77 0 

4-500 

0-013 

5-625 

0-020 

6-750 

0-029 

lO 

4-444 

0-013 

5-554 

0-020 

6-665 

0-028 

20 

4-387 

0-013 

5-483 

0-019 

6-580 

0-028 

30 

4-330 

0-012 

5-412 

0-019 

6-495 

0-028 

40 

4-273 

0-012 

5-341 ■ 

0-019 

6-410 

0-027 

50 

4-216 

0-012 

5-270 

0-019 

6-325 

0-027 

78 0 

4-159 

0-012 

5-199 

0-018 

6-239 

0-027 

10 

4-102 

0-012 

5-128 

0-018 

6-154 

0-026 

20 

4-045 

0-012 

5-057 

0-018 

6-069 

0-026 

30 

3-988 

O-OII 

4-986 

0-017 

5-983 

0-025 

40 

3-931 

O-OII 

4-915 

0-017 

5-898 

0-025 

50 

3-874 

O-OII 

4-844 

0-017 

5-812 

0-025 

79 0 

3-817 

O-OII 

4-772 

0-017 

5-726 

0-024 

10 

3-760 

0-010 

4-701 

0-017 

5-640 

0-024 

20 

3-703 

o-oio 

4-629 

0-016 

5-554 

0-023 

30 

3-645 

0-010 

4-557 

0-016 

5-468 

0-023 

40 

3-588 

O-OIO 

4-486 

0-016 

5-383 

0-023 

50 

3-531 

0-009 

4-414 

0-015 

5-297 

0-022 

80 0 

3-474 

o-oog 

4-342 

0-015 

5-211 

0-022 
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TABLE XV 

TEN FOOT POLE TABLE 

Sextant Angles subtended at different distances by a pole ten feet in length 


Feet 

Angle 

Feet 

Angle 

Feet 

Angle 

Feet 

Angle 

50 

11 131 

275 

2 02-8 

500 

I 07 -5 

725 

0 46-6 

55 

10 123 

280 

2 00-6 

505 

I 06 8 

730 

0 46-3 

60 

9 21-6 

285 

I 58-5 

510 

I 06 2 

735 

0 46 0 

65 

8 38-5 

290 

I 56-5 

515 

I 05 6 

740 

0 45-6 

70 

8 01-6 

295 

I 54 5 

520 

I 04 9 

745 

0 45-3 

75 

7 29 6 

300 

I 52 6 

525 

I 04 3 

750 

0 45-0 

80 

7 01-6 

305 

I 507 

530 

I 03 7 

755 

0 447 

85 

6 36-8 

310 

I 48-9 

535 

I 03 I 

760 

0 44-4 

90 

6 14-8 

315 

I 47-2 

540 

I 02-5 

765 

0 441 

95 

5 55 1 

320 

I 45-5 

545 

I 02-0 

770 

0 43-8 

100 

5 37-4 

325 

1 43-9 

550 

I 01-4 

775 

0 43-6 

105 

5 21-4 

330 

I 42 3 

555 

I 00-8 

780 

0 43-3 

no 

5 o6-8 

335 

I 40-8 

560 

I 00-3 

785 

0 43 0 

115 

4 53 5 

340 

I 39-3 

565 

0 59-8 

790 

0 42-8 

120 

4 41 ‘3 

345 

I 37-9 

570 

0 59-3 

795 

0 42-5 

125 

4 30 0 

350 

I 36-5 

575 

0 587 

800 

0 42-2 

130 

4 19-6 

355 

I 35 I 

580 

0 58-2 

805 

0 42 0 

135 

4 10-0 

360 

I 33-8 

585 

0 577 

810 

0 417 

140 

4 01-I 

365 

I 32 5 

590 

0 57-2 

815 

0 41-4 

145 

3 52 8 

370 

I 31-3 

595 

0 56-8 

820 

0 41-2 

150 

3 45 I 

375 

I 30 I 

600 

0 56 -3 

825 

0 40 9 

155 

3 37-8 

380 

1 289 

605 

0 55-8 

830 

0 40 7 

160 

3 310 

385 

I 277 

610 

0 55-4 

835 

0 40-4 

165 

3 24 6 

390 

I 26-6 

615 

0 54-9 

840 

0 40-2 

170 

3 18-6 

395 

I 25-5 

620 

0 54-5 

845 

0 40 0 

175 

3 12-9 

400 

I 24-4 

625 

0 54 0 

850 

0 397 

180 

3 07-6 

405 

I 23 4 

630 

0 53-6 

855 

0 39-5 

185 

3 02-5 

410 

I 22 4 

635 

0 53-2 

860 

0 39-3 

IQO 

2 577 

415 

I 21-4 

640 

0 52-8 

865 

® 391 

195 

2 53-2 

420 

I 20 4 

645 

0 52-4 

870 

0 38-8 

200 

2 48-8 

425 

I 19-4 

650 

0 52 0 

875 

0 38-6 

205 

2 447 

430 

I 18 -5 

655 

0 51-6 

880 

0 38 -4 

210 

2 40-8 

435 

I 17-6 

660 

0 51-2 

885 

0 38-2 

215 

2 371 

440 

r 167 

665 

0 50-8 

890 

0 38 0 

220 

2 33-5 

445 

I 15-9 

670 

0 50-4 

895 

0 377 

225 

2 30 I 

450 

I 150 

675 

0 50-0 

900 

0 37-5 

230 

2 26-9 

455 

I 14-2 

680 

0 497 

905 

0 37-3 

235 

2 237 

460 

I 13-4 

685 

0 49-3 

910 

0 37-1 

240 

2 207 

465 

I 12-6 

690 

0 48-9 

915 

0 36 9 

245 

2 17-8 

470 

I II -8 

695 

0 48-6 

920 

0 367 

250 

2 15-I 

475 

I II I 

700 

0 48-3 

925 

0 36 5 

255 

2 12'4 

480 

I 10-4 

705 

0 47-9 

930 

0 36-3 

260 

2 09 9 

485 

I 09 6 

710 

0 47-6 

935 

0 361 

265 

2 07 4 

490 

I 08 9 

715 

0 47-2 

940 

0 35-9 

270 

2 05-1 

495 

I 08 2 

720 

0 46'9 

945 

0 357 


The above angles are corrected for the parallax due to a separation 
of 0*177 feet between the index mirror and the line of coUimation 
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TABLE XVII 

(a) Conversion of Metres and Centimetres into Feet and Inches 


Metres 

Feet 

Centimetres 

Inches 

1 

3-2808 4275 

1 

0-3937 0113 

2 

6-5616 8550 

2 

0-7874 0226 

3 

9-8425 2825 

3 

i-igii 0339 

4 

13-1233 7100 

4 

1-5748 0452 

5 

16-4042 1375 

5 

1-9685 0565 

6 

19-6850 5650 

6 

2-3622 0678 

7 

22-9658 9925 

7 

2-7559 0791 

8 

26-2467 4200 

8 

3-1496 0904 

9 

29-5275 8475 

9 

3-5433 1017 


I millimetre = 0-0393 70113 inches (approx. inch) 

I metre = 39-3701 13 inches (Log. 1-593 1666) 

= 3-2808 4275 feet ( „ 0-515 9854) 

= 1-0936 1425 yards ( „ 0-038 8642) 

I kilometre = 1093-61425 yards (approx. | of a land mile) 


(b) Conversion of Feet and Inches into Metres and Centimetres 


Feet 

Metres 

Inches 

Centimetres 

1 

0-3047 9973 

1 

2-5399 9779 

2 

0-6095 9947 

2 

5-0799 956 

3 

0-9143 9920 

3 

7-6199 934 

4 

1-2191 9894 

4 

10-1599 912 

5 

1-5239 9867 

5 

12-6999 889 

6 

1-8287 9841 

6 

15-2399 867 

7 

21335 9814 

7 

17-7799 845 

8 

2-4383 9787 

8 

20-3199 823 

9 

2-7431 9761 

9 

22-8599 801 

10 

3-0479 9735 

10 

25-3999 779 

11 

3-3527 9708 

11 

27-9399 757 

12 

3-6575 9682 

12 

30-4799 735 


I inch = 2-5399 9779 centimetres 

I foot = 30-4799 735 centimetres (Log. 1-484 0146) 

I yard = 0-9143 99204 metres ( „ 1-961 1358) 

1 fathom = 1-8287 9841 nietres ( „ 0-262 1658) 

j^ote. _^The above values depend on the determination of Benoit and Chaney in 1896, 

but the latest determination made in 1927 by Sears, Johnson and Jolly gives; One 
International Prototype metre = 39-37° ^47 = 3-280 8456 ft. (Log 0-515 9858) or. 

One foot = 0-3047 9947 metres (Log 1-484 0142). 





















Tables 


537 


TABLE XVIII—Chords of Arcs from 0° to 60“; radius=10 


Min. 

0° 

Parts 

for 

1' 

Parts 

for 

2 ^ 

Parts 

for 

3° 

Parts 

for 

4° 

Parts 

for 

o 

0*00000 

0 

0-17453 

0 

0-34905 

0 

0-52354 

0 

0-69799 

0 



5 

0-17744 

5 

0-35196 

5 

0-52645 

5 

0-70090 

5 




0-18035 


0-35486 


0-52935 


0-70380 




15 

0-18326 

15 

0-35777 

15 


15 

0-70671 

15 




0-18617 

19 

0-36068 

19 

0-53517 

19 

0-70962 

19 

5 

0-01454 

24 

0-18907 

24 

0-36359 

24 

0-53808 

24 

0-71252 

24 

6 


29 


29 

0-36650 

29 

0-54099 

29 

0-71543 

29 


0-02036 


0-19489 

34 

0-36941 

34 

0-54389 

34 

0-71834 

34 

8 

0-02327 

39 

0-19780 

39 

0-37232 

39 

0-54680 

39 

0-72125 

39 


0-02618 


0*20071 


0-37522 

44 

0-54971 


0-72415 

44 


0*02909 

49 

0-20362 

49 

0-37813 

49 

0-55262 

49 

0-72706 

49 

jj 

0*03200 


0-20653 

53 

0*38104 

53 

0-55552 

53 

0-72997 

53 




0-20944 

58 

0-38395 

58 

0-55843 

58 

0-73287 

58 




0-21234 

03 

0-38686 

63 

0-56134 

63 

0-73578 

63 


0*04072 

68 

0-21525 

68 

0-38977 

68 

0-56425 

68 

0-73869 

68 



73 

0-21816 

73 

0-39267 

73 

0-56716 

73 

0-74159 

73 

i6 


78 

0*22107 

78 

0-39558 

78 

0-57006 

78 

0-74450 




83 

0-22398 

83 

0-39849 

83 

0-57297 

83 

0-74741 

83 

i8 

0-05236 

87 

0-22689 

87 


87 

0-57588 

87 

0-75032 

87 



92 

0-22980 

92 

0-40431 

92 

0-57879 

92 

0-75322 

92 


0-05818 

97 

0-23271 

97 

0-40722 

97 

0-58169 

97 

0-75613 

97 

21 


102 

0-23561 

102 

0*41012 

102 

0-58460 

102 

0-75904 

102 



107 

0-23852 

107 

0-41303 

107 

0-58751 

107 

0-76194 

107 

23 



0-24143 


0-41594 


0-59042 


0-76485 


24 

0-06981 

116 

0-24434 

116 

0-41885 

116 

0-59332 

116 

0-76776 

116 

25 

0-07272 


0-24725 


0-42176 


0-59623 




26 

0-07563 

126 


126 



0-59914 


0-77357 

126 

27 

0-07854 

131 

0-25307 

131 

0-42757 

131 


131 

0-77648 

131 

28 

0-08145 

136 

0-25597 

136 

0-43048 

136 

0-60496 

136 

0-77938 

136 

29 

0-08436 

141 

0-25888 

141 

0-43339 

141 

0-60786 

141 

0-78229 

141 

30 

0-08727 

145 

0-26179 

145 

0-43630 

145 

0-61077 

145 

0-78520 

145 

31 

0-09017 

150 

0-26470 

150 

0-43921 

150 

0-61368 

150 

0-78810 

150 

32 

0-09308 

155 

0-26761 

155 

0-44211 

155 

0-61659 

155 

0-79101 

155 

33 

0-09599 


0-27052 

160 

0-44502 

160 

0-61949 

160 

0-79392 

160 

34 

0-09890 

165 

0-27343 

165 

0-44793 

165 

0-62240 

165 

0-79682 

165 

35 


170 

0-27633 

170 

0-45084 

170 

0-62531 


0-79973 

170 

36 

0-10472 

175 

0-27924 

175 

0-45375 

175 

0-62822 

175 

0-80264 

175 

37 

0-10763 

179 

0-28215 

179 

0-45665 

179 

0-63112 

179 

0-80554 

179 

38 

0-11054 

184 

0-28506 

184 

0-45956 

184 

0-63403 

184 

0-80845 

184 

39 

0-11344 

189 

0-28797 

189 

0-46247 

189 

0-63694 

189 

0-81135 

189 

40 

0-11635 

194 

0-29088 

194 

0-46538 

194 

0-63984 

194 

0-81426 

194 

41 

0-11926 

199 

0-29379 

199 

0-46829 

199 

0-64275 

199 

0-81717 

199 

42 

0-12217 

204 


204 

0-47120 


0-64566 

204 

0-82007 

204 

43 

0-12508 

208 


208 

0-47410 

208 

0-64857 

208 

0-82298 

208 

44 

012799 

213 

0-30251 

213 

0-47701 


0-65147 

213 

0-82589 

213 

45 

0-13090 

218 

0-30542 

218 

0-47992 

218 

0-65438 

218 

0-82879 

218 

46 

013381 

223 

0-30833 

223 

0-48283 

223 

0-65729 

223 

0-83170 

223 

47 

0-13672 

228 

0-31124 

228 

0-48574 

228 

0-66020 

228 

0-83461 

228 

48 

0-13963 

233 

0-31415 

233 

0-48864 

233 


233 

0-83751 

233 

49 

0-14253 


0-31705 

238 

0-49155 

238 

0-66601 

238 


238 

50 

0-14544 

2^2 

0-31996 

242 

0-49446 

242 

0-66892 

242 

0-84333 

242 


0-14835 

247 

0-32287 

247 

0-49737 

247 

0-67182 

247 

0-84623 

247 


0-15126 

252 

0-32578 

252 

0-50028 

252 

0-67473 

252 

0-84914 

252 

53 

0-15417 

257 

0-32869 

257 

0-50318 

257 

0-67764 

257 


257 

54 

0-15708 

262 

0-33160 

262 

0-50609 


0-68055 


0-85495 

262 

55 

0-15999 

267 

0-33451 

267 

0-50900 

267 

0-68345 

267 

0-85786 

267 

56 

0-16290 

272 

0-33741 


0-51191 


0-68636 

272 

0-86076 

272 

57 

0-16580 

276 

0-34032 


0-51482 


0-68927 

276 

0-86367 

276 

58 

0-16871 

281 

0-34323 

281 

0-51772 

281 

0-69218 

281 

0-86658 

281 

59 

0-17162 

286 

0-34614 

286 

0-52063 

286 

0-69508 

286 

0-86948 

286 

60 

0-17453 

291 

0-34905 

291 

0-52354 

291 

0-69799 

291 

0-87239 

291 































Tables 


TABLE XVIII—Chords of Arcs from 0° to 60°; radius=10 


Min. 

6“ 

Parts 

for 

6° 

Parts 

for 

] 

70 

Parts 

for 

8° 

Parts 

for 

9° 

Parts 

for 



0 


0 

I *22097 

0 

1-39513 

0 

1-56918 

0 



5 


5 

1-22387 

5 

1 -39803 

5 

1-57208 

5 


0-87820 


I 05253 


1 -22678' 


1-40093 


1-57498 



0-88111 



15 

1-22968 

15 

1-40383 

15 

1-57788 

15 


0-88401 

19 

1-05834 

19 

1-23258 

19 

1-40674 

19 

1-58078 

19 


0-88692 

24 


24 

1-23549 

24 

1-40964 

24 

1-58368 

24 

6 

0-88982 

29 

1-06415 

29 

1-23839 

29 

1-41254 

29 

1:58658 

29 



34 

1-06705 

34 

1-24129 

34 

1-41544 

34 

1-58948 

34 

8 


39 

1 -06996 

39 

1-24420 

39 

1-41834 

39 

1-59238 

39 


0-89854 


1 -07286 

44 

1-24710 


1-42124 


1-59528 

44 


0-90145 

49 

1-07577 

48 

1-25000 

48 

1-42415 

48 

1-59818 

48 

jj 


53 

1-07867 

53 

1-25291 

53 

1-42705 

53 

1-60108 

53 

12 

0-90726 

58 

1-08158 

58 

1-25581 

58 

1-42995 

58 

1-60398 

58 


0*91017 


1-08448 

63 

1-25871 

63 

1-43285 

63 

1-60688 

63 



68 

1-08739 

68 


68 

1-43575 

68 

1-60978 

68 



73 


73 

1-26452 

73 

1-43865 

73 

1-61268 

73 


0-91888 

78 

1-09319 

77 

1-26742 

77 

1-44155 

77 

1-61558 

77 



83 


82 

1-27032 

82 

1-44446 

82 

1-61847 

82 

i8 


87 


87 

1-27323 

87 

1-44736 

87 

1-62137 

87 



92 


92 

1-27613 

92 

1-45026 

92 


92 


0-93051 

97 

1-10481 

97 

1-27903 

97 

1-45316 

97 

1-62717 

97 

21 


102 

1-10772 

102 

1-28194 

102 

1-45606 

102 

1 -63007 

102 



107 



1-28484 


1-45896 

106 

1-63297 

106 

23 

0-93922 


I-II353 


1-28774 


1-46186 


1-63587 


24 

0-94213 

116 

1-11643 

116 

1-29065 

116 

1-46476 

116 

1-63877 

116 

25 

0-94503 


I-II933 


1-29355 


1-46767 


1-64167 


26 

0-94794 

126 



1-29645 

126 

1-47057 

126 

1-64457 


27 

0-95085 

131 

1-12514 

131 

1-29935 

131 

1-47347 

131 

1-64747 

131 

28 

0-95375 

136 

1-12805 

135 


135 

1-47637 

135 

1-65037 

135 

29 

0-95666 

141 

1-13095 


1-30516 


1-47927 

140 

1 -65326 

140 

30 

0-95956 

145 

1-13386 

145 

1-30806 

145 

1-48217 

145 

1-65616 

145 

31 

0-96247 

150 

1-13676 

150 

1-31096 

150 

1-48507 

150 

1-65906 

150 

32 

0-96537 


1-13966 

155 

1-31387 

155 

1-48797 

155 

1-66196 

155 

33 

0*96828 

160 

1-14257 

159 

1-31677 

159 

1-49087 

159 

1 -66486 

159 

34 

0-97118 

165 

1-14547 


1-31967 


1-49377 

164 

1-66776 


35 

0-97409 

170 

1-14838 

169 

1-32257 

169 

1-49667 

169 

1 -67066 


36 

0-97700 

175 

1-15128 

174 

1-32548 

174 

1-49957 

174 

1-67356 

174 

37 

0-97990 

179 

1-15418 

179 

1-32838 

179 


179 

1-67645 

179 

38 

0-98281 

184 

1-15709 

184 

1-33128 

184 

1-50538 

184 

1-67935 

184 

39 

0-98571 

189 

1-15999 

189 

1-33418 

189 

1-50828 

189 

1-68225 

189 

40 

0-98862 

194 

1 16290 

193 

1-33709 

193 

1-51118 

193 

1-68515 

193 

41 

0-99152 

199 

1-16580 

198 

1-33999 

198 

1-51408 

198 

1-68805 

198 

42 

0-99443 

204 

1-16870 

203 

1-34289 

203 

1-51698 

203 

1-69095 

203 

43 

0-99733 

208 

1-17161 

208 

1-34579 

208 

1-51988 

208 

1-69385 

208 

44 

I -00024 

213 

I-17451 

213 

1-34870 

213 

1-52278 

213 

1-69675 

213 

45 

I -00314 

218 

1-17742 

218 

1-35160 

218 

1-52568 

2l| 

1-69964 

218 

46 

1-00605 

223 

1-18032 


1-35450 


1-52858 


1-70254 


47 

I -00895 

228 

1-18322 


1-35740 

227 

1-53148 


1-70544 

227 

48 

1-01186 

233 

1-18613 

232 

1-36031 

232 

1-53438 

232 

1-70834 

232 

49 

1-01476 

238 

1-18903 

237 

1-36321 

237 

1-53728 

237 

1-71124 

237 

50 

1-01767 

242 

1-19193 

242 

1-36611 

242 

1-54018 

242 

1-71413 

242 

51 

1-02057 

247 

1-19484 

246 

1-36901 

246 

1-54308 

246 

1-71703 

246 

52 

1-02348 

252 

1-19774 

251 

1-37191 

251 

1-54598 

251 

1-71993 

251 

53 


257 


256 

1-37482 

256 

1-54888 


1-72283 

256 

54 


262 

1-20355 


1-37772 

261 

1-55178 


1-72573 

261 

55 


267 

1-20645 

266 

1 -38062 

266 

1-55468 

266 

1-72863 

266 

56 



1-20936 

271 

1-38352 

271 

1-55758 

271 

1-73152 

271 

57 

1-03800 


1-21226 

275 

1-38642 

275 

1-56048 

275 

1-73442 

275 

58 

I -04091 

281 

1-21516 

280 

1-38933 

280 

1-56338 

280 

1-73732 

280 

59 

1-04381 

286 

1-21807 

285 

1-39223 

285 

1-56628 

285 

1-74022 

285 

60 

1-04672 

291 

1-22097 

290 

1-39513 

290 

1-56918 

290 

1-74311 

290 






























Tables 


TABLE XVIII—Chords of Arcs from 0“ to 60“ ; padiua=10 


Min. 

10° 

Parts 

for 

11° 

Parts 

for 

12° 

Parts 

for 

18 ° 

Parts 

for 

14 ° 

Parts 

for 

o 


0 

1*91692 

0 

2-09057 

0 

2-26406 

0 

2-43739 

0 


1-74601 

5 


5 

2-09346 

5 

2-26695 

5 

2-44027 

5 


1-74891 


1*92271 


2-09636 


2-26984 


2-44316 


3 


15 

1-92560 

14 

2-09925 

14 

2-27273 

14 

2-44605 

14 


I'75471 

19 

1-92840 

19 

2*10214 

19 

2-27562 

19 

2-44894 

19 

5 

1-75760 

24 

1-93139 

24 

2-10503 

24 

2-27851 

24 

2-45182 

24 

6 

1-76050 

29 

1-93429 

29 

2-10793 

29 


29 

2-45471 

29 



34 

1-93718 

34 

2-11082 

34 

2-28429 

34 

2-45760 

34 

8 

I -76630 

39 


39 

2-11371 

39 

2-28718 

39 

2-46048 

39 

9 



1-94297 

43 

2-11660 

43 

2-29007 

43 

2-46337 

43 


1-77209 

48 

1-94587 

48 

2-11950 

48 

2-29296 

48 

2-46626 

48 

u 


53 

1-94876 

53 

2-12239 

53 

2-29585 

53 

2-46914 

53 


1-77789 

58 

1-95166 

58 

2-12528 

58 

2-29874 

58 

2-47203 

58 

13 

1-78078 

63 

1-95455 

63 

2-12817 

63 

2-30163 

63 

2-47492 

63 


1-78368 

68 

1-95745 

67 

2-13107 

67 

2-30452 

67 

2-47780 

67 

15 

1-78658 

73 

1-96034 

72 

2-13396 

72 

2-30741 

72 

2-48069 

72 

i6 


77 

1-96324 

77 

2-13685 

77 

2-31030 

77 

2-48358 

77 



82 

1-96613 

82 

2-13974 

82 

2-31319 

82 

2-48646 

82 

i8 

1-79527 

87 

1-96903 

87 

2-14264 

87 

2-31608 

87 

2-48935 

87 



92 

1*97192 

92 

2-14553 

92 

2-31897 

92 

2-49223 

92 


1-80106 

97 

1-97482 

96 

2-14842 

96 

2-32186 

96 

2-49512 

96 

21 


TO-TT 


101 

2-15131 

101 

2-32475 

101 

2-49801 

101 


1-80686 


1-98061 


2 15420 

106 

2-32764 

106 


106 

23 

1-80975 


1-98350 


2-15710 


2-33053 


2-50378 


24 

1-81265 

116 

1-98639 

116 

2-15999 

116 

2-33341 

116 


116 

25 

1-81555 


I -98929 


2-16288 


2-33630 


2-50955 


26 

1-81845 

126 

1-99218 

125 

2-16577 

125 

2-33919 

125 

2-51244 

125 

27 

1-82134 

131 

I -99508 

130 

2-16866 

130 

2-34208 

130 

2-51532 

130 

28 


135 

1-99797 

135 

2-17155 

135 

2-34497 

135 

2*51821 

135 

29 

1-82713 


2-00087 

140 

2-17445 

140 

2-34786 


2*52109 

140 

30 

1-83003 

145 

2-00376 

144 

2-17734 

144 

2-35075 

144 

2-52398 

144 

31 

1-83293 

150 

2 00666 

149 

2-18023 

149 

2-35364 

149 

2-52687 

149 

32 

1-83583 

155 

2-00955 

154 

2-18312 

154 

2-35653 

154 

2-52975 

154 

33 

1-83872 

159 

2-01244 

159 

2-18601 

159 

2-35941 

159 

2-53264 

159 

34 

1-84162 

164 

2-01534 

164 

2-18890 

164 

2-36230 

164 

2-53552 

164 

35 

1-84451 


2-01823 

169 

2-19179 

169 

2-36519 

169 

2-53841 


3f' 

1-84741 

174 

2-02113 

173 

2-19469 

173 

2-36808 

173 

2-54129 


37 

1-85031 

179 

2-02402 

178 

2-19758 

178 

2-37097 

178 

2-54418 

178 

3« 

1-85320 

184 

2-02691 

183 


183 

2-37386 

183 

2-54706 

183 

39 

1-85610 

189 

2-02981 

188 

2-20336 

188 

2-37674 

188 

2-54995 

188 

40 

1-85900 

193 

2-03270 

193 

2-20625 

193 

2-37963 

193 

2-55283 

193 

41 

1-96189 

198 

2-03560 

197 

2-20914 

197 

2-38252 

197 

2-55572 

197 

42 

1-86479 

203 

2-03849 


2-21203 


2-38541 


2-55860 


43 

1 -86769 

208 

2-04138 


2-21492 


2-38830 


2-56149 


44 

1-87058 

213 



2-21782 


2-39119 


2-56437 


45 

1-87348 

218 

2-04717 

217 

2-22071 

217 

2-39407 

217 

2-56726 

217 

46 

1-87637 


2-05006 


2-22360 


2-39696 


2-57014 


47 

1-87927 


2-05296 

226 

2-22649 

226 

2-39985 


2-57303 

226 

48 

1-88217 

232 

2-05585 

231 

2-22938 

231 

2-40274 

231 

2-57591 

231 

49 

1-88506 

237 

2-^874 

236 

2-23227 

236 

2-40562 


2-57880 

236 

50 

1 -88796 

242 


241 

2-23516 

241 

2-40851 

241 

2-58168 

241 

51 

1-89085 

246 

2-06453 

246 

2-23805 

246 

2-41140 

246 

2-58457 

246 

52 

1-89375 

251 

2-06742 

250 

2-24094 

250 

2-41429 

250 

2-58745 


53 

1-89665 

256 

2-07032 

255 

2-24383 

255 

2-41717 

255 

2-59033 

255 

54 

1-89954 

261 

2-07321 





260 

2.59322 

260 

55' 

1-90244 

266 

2-07610 

265 

2 24961 

265 

2-42295 

265 

2-59610 

265 

56 

1-90533 

271 

2-07900 




2-42584 

270 

2-59899 

270 

57 

1-90823 

275 

2-08189 

275 

2-25539 

275 

2-42872 

275 

2-60187 

275 

58 

1-91112 

280 

2-08478 

279 

2-25828 

279 

2-43161 

279 

2-60476 

279 

59 


285 

2-08768 

284 


284 

2-43450 

284 

2-60764 

284 

60 

1-91692 


2-09057 

289 

2-26406 

289 

2-43739 

289 

2-61052 

289 





























540 


TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


Tables 


Min. 


Parts 

for 


i’arts 

for 

] 

17° 

Parts 

for 

... ^ 

Parts 

for 

.r 

Parts 

for 



0 


0 

2-95619 

0 

3-12869 

0 

3-30095 

0 





5 

2-95906 

5 

3-13156 

5 

3-30382 

5 






2-96194 


3-13444 


3-30669 






14 

2-96482 

14 

3-13731 

14 

3-30956 

14 


2-62206 


2-79498 

19 

2-96770 

19 


19 

3-31243 

19 




2-79786 

24 

2-97057 

24 

3-14305 

24 

3-31530 

24 




2-80074 

29 

2-97345 

29 

3-14593 

29 


29 




2-80362 

34 

2-97632 

34 

3-14880 

34 

3-32103 

34 



38 

2-80650 

38 

2-97920 

38 

3-15167 

38 

3-32390 

38 


2-63648 


2-80938 

43 

2-98208 

43 

3-15454 

43 

3-32677 


lO 

2-63936 

48 

2-81226 

48 

2-98495 

48 

3-15742 

48 

3-32964 

48 




2-81514 

53 

2-98783 

53 

3-16029 

53 

3-33251 

53 



58 

2-81802 


2-99071 

57 

3-16316 

57 

3-33537 

57 



62 

2-82090 

62 

2-99358 

62 

3-16603 

62 

3-33824 

62 


2-65089 


2-82378 

67 

2-99646 

67 

3-16891 

67 

3-34111 

67 




2-82666 

72 

2-99934 

72 

3-17178 

72 

3-34398 

72 


2-65666 


2-82954 

V 

3-00221 

77 

3-17465 

77 

3-34685 

77 



82 


82 

3-00509 

81 

3-17752 

81 

3-34971 

81 



86 


86 

3-00796 

86 

3-18039 

86 

3-35258 

86 


2-66531 


2-83818 

91 

3-01084 

91 

3-18327 

91 

3-35545 

91 

20 

2-66819 

96 

2-84106 

96 

3-01371 

96 

3-18614 

96 

3-35832 

95 

21 


lOI 


101 

3-01659 

101 

3-18901 

101 

3-36118 

100 

22 


106 

2-84682 

106 

3-01947 

105 

3-19188 

105 

3-36405 

105 


2-67684 


2-84970 


3-02234 


3-19475 

110 

3-36692 


24 

2-67972 

115 

2-85258 

115 

3-02522 

115 

3-19762 

115 

3-36979 

115 

25 

2-68261 


2-85546 


3-02809 


3-20049 


3-37265 


26 

2-68549 

125 

2-85834 

125 

3 03097 

124 

3-20337 

124 

3-37552 

124 

27 

2-68837 

130 

2-86122 

130 

3-03384 


3-20624 

129 

3-37839 


28 

2-69125 

134 


134 

3-03672 

134 

3-20911 

134 

3-38126 

134 


2-69414 

139 

2-86697 

139 

3 03959 

139 

3-21198 

139 

3-38412 

139 

30 

2-69702 

144 

2-86985 

144 

3-04247 

143 

3-21485 

143 

3-38699 

143 

31 

2-69990 

149 

2-87273 

149 

3-04534 

148 

3-21772 

148 

3-38986 

148 


2-70278 

154 

2-87561 

154 

3-04822 

153 

3-22059 

153 

3-39272 

153 


2-70567 

158 

2-87849 

158 

3-05109 

158 

3-22346 

158 

3-39559 

158 


2-70855 

163 

2-88137 

163 

3-05397 

163 

3-22633 

163 

3-39846 

163 


2-71143 

168 

2-88425 

168 

3-05684 

167 

3-22920 

167 

3-40132 

167 

36 

2-71431 

173 

2-88712 

173 

3-05972 

172 


172 

3-40419 



2-71719 

178 

2-89000 

178 

3-06259 

177 

3-23495 

177 

3-40706 

177 

P 


182 

2-89288 

182 

3-06547 

182 

3-23782 

182 

3-40992 

182 



187 

2-89576 

187 

3-06834 

186 

3-24069 

186 

3-41279 

186 

40 

2-72584 

192 

2-89864 

192 

3-07121 

191 

3-24356 

191 

3-41566 

191 


2-72872 

197 

2-90152 

197 

3-07409 

196 

3-24643 

196 

3-41852 

196 

42 

2-73160 


2-90439 


3-07696 


3-24930 

201 

3-42139 



2-73448 

206 

2-90727 


3-07984 


3-25217 

206 

3-42425 



2-73737 


2-91015 


3-08271 


3-25504 

210 

3-42712 



2-74025 


2-91303 


3-08559 

215 

3-25791 

215 

3-42998 

215 

46 

2-74313 


2-91591 


3-08846 


3-26078 


3-43285 



2-74601 

226 

2-91878 

226 

3-09133 

225 

3-26365 

225 

3-43572 

225 

48 

2-74889 

230 

2-92166 

230 

3-09421 

230 



3-43858 

230 

49 

2-75177 

235 

2-92454 

235 

3-09708 

234 

3-26939 

234 

3-44145 

234 

50 

2-75465 

240 

2-92742 


3-09996 

239 

3-27226 

239 

3-44431 

239 


2-75753 

245 

2-93029 

245 

3-10283 

244 

3-27513 

244 

3-44718 

243 

52 

2-76042 

250 

2-93317 

250 

3-10570 

249 

3-27800 

249 

3-45004 

249 


2-76330 

254 

2-93605 

254 

3-10858 

253 

3-28087 

253 

3-45291 

253 


2-76618 

259 

2-93893 

259 

3-11145 

258 

3-28374 

258 

3-45577 

258 


2-76906 

264 


264 

3-11432 

263 

3-28661 

263 

3-45864 

263 

56 

2-77194 

269 

2-94468 


3-11720 

268 

3-28948 

268 

3-46150 

268 

57 

2-77482 

274 

2-94756 

274 

3-12007 

273 

3-29234 

273 

3-46437 

273 

58 

2-77770 

278 

2-95043 

278 

3-12294 

277 

3-29521 

277 

3-46723 



2-78058 

283 

2-95331 

283 

3-12582 

282 

3-29808 

282 

3-47010 

282 

60 

2-78346 

288 

2-95619 

288 


287 

3-30095 

287 

3-47296 

287 








































Tables 


TABLE XVIII—Chords of Arcs from 0° to 60° ; radius^lO 


541 


Min. 

20° 

Parts 

for 

21° 

Parts 

for 

22° 

Parts 

for 

23° 

Parts 

for 

24° 

Parts 

for 

o 

3-47296 

0 

3-64471 

0 

3-81618 

0 

3-98736 

0 

4-15823 

0 


3-47583 

5 

3-64757 

5 

3-81904 

5 

3-99021 

5 


5 


3-47869 


3-65043 


3-82189 

9 

3-99306 

9 

4-16392 

9 

3 

3-48156 

14 

3-65329 

14 

3-82475 

14 

3-99591 

14 

4-16677 

14 

4 

3-48442 

19 

3-65615 

19 

3*82760 

19 

3-99876 

19 

4-16961 

19 

5 

3-48729 

24 

3-65901 

24 

3-83046 

24 


24 

4-17246 

24 

6 

3-49015 

29 

3-66187 

29 

3-83331 

28 

4-00446 

28 

4-17530 

28 

7 

3-49301 

34 

3-66473 

34 

3-83617 

33 

4-00731 

33 

4-17815 

33 

8 

3-49588 

38 

3-66759 

38 

3-83902 

38 

4-01016 

38 


38 

9 

3-49874 

43 

3-67045 

43 

3-84188 

43 

4-01301 

43 

4-18384 

43 

lO 

3-50161 

48 

3-67331 

48 

3-84473 

48 

4-01586 

48 

4-18668 

47 

II 

3-50447 

52 

3-67617 

52 

3-84758 

52 

4-01871 

52 

4 18953 

52 


3-50733 

57 

3-67903 

57 

3-85044 

57 

4-02156 

57 

4-19237 

57 

13 

3*51020 

62 

3-68189 

62 

3-85329 

62 

4-02441 

62 


62 

14 

3-51306 

67 

3-68475 

67 

3-85615 

66 

4-02726 

66 

4-19806 

66 

15 

3-51593 

72 

3-68761 

72 

3-85900 

71 

4-03011 

71 

4-20090 

71 

16 

3-51879 

76 

3-69046 

76 

3-86186 

76 

4-03296 

76 

4-20375 

76 

17 

3-52165 

81 

3-69332 

81 

3-86471 

8i 

4-03580 

81 

4-20659 

80 

18 

3-52452 

86 

3-69618 

86 

3-86756 

85 

4-03865 

85 

4-20944 

85 

19 

3-52738 

91 

3-69904 

91 

3-87042 

90 

4-04150 

90 

4-21228 

90 

20 

3-53024 

95 

3-70190 

95 

3-87327 

95 

4-04435 

95 

4-21512 

95 

21 

3-53310 

100 

3-70476 

100 

3-87613 

100 

4-04720 

100 

4-21797 

99 


3-53597 

105 

3-70762 

105 

3-87898 


4-05004 

104 



23 

3-53883 


3-71047 


3-88183 


4-05290 


4-22365 


24 

3-54169 

114 

3-71333 

114 

3-88469 

114 

4-05575 

114 

4-22650 

114 

25 

3-54456 

119 

3-71619 

119 

3-88754 

119 

4-05859 

119 

4-22934 

118 

26 

3-54742 

124 

3-71905 

124 

3-89039 

123 

4-06144 

123 

4-23218 

123 


3-55028 


3-72191 

129 

3-89325 

128 

4-06429 

128 

4-23503 

128 

28 

3-55315 

134 

3-72476 

134 

3-89610 

133 

4-06714 

133 

4-23787 

133 

29 

3-55601 

138 

3-72762 

138 

3-89895 

138 

4-06999 

138 

4-24071 

137 

30 

3-55887 

143 

3-73048 

143 

3-90181 

143 

4-07284 

143 

4-24355 

142 

31 

3-56173 

148 

3-73334 

148 

3-90466 

147 

4-07568 

147 

4-24640 

147 

32 

3-56460 

152 

3-73620 

152 

3-90751 

152 

4-07853 

152 

4-24924 

151 

33 

3-56746 

157 

3-73905 

157 

3-91036 

157 

4-08138 

157 

4-25208 

156 

34 

3-57032 

162 

3-74191 

162 

3-91322 

162 

4-08423 

162 

4-25492 

161 

35 

3-57318 

167 

3-74477 

167 

3-91607 

166 


166 

4-25777 

166 

36 

3-57604 

172 

3-74763 

172 

3-91892 

171 


171 

4-26061 

170 

37 

3-57891 

176 

3-75048 

176 

3-92177 

176 

4-09277 

176 

4-26345 

175 

38 

3-58177 

181 

3-75334 

181 

3-92463 

181 

4-09562 

181 

4-26620 

180 

39 

3-58463 

186 

3-75620 

186 

3-92748 

185 

4*09846 

185 

4-26913 

185 

40 

3-58749 

191 

3-75906 

191 

3-93033 

190 

4IOI3I 

190 

4-27198 

189 

41 

3-59035 

195 

3-76191 

195 

3-93318 

195 

4*10416 

195 

4-27482 

194 

42 

3-59321 


3-76477 

200 

3-93604 

199 

4*10700 

199 

4-27766 

199 

43 

3-59608 

205 

3-76763 

205 

3-93889 

204 

4-10985 

204 


204 

44 

3-59894 


3-77048 

210 

3-94174 

209 



4-28334 

208 

45 

3-60180 

214 

3-77334 

214 

3-94459 

214 

4-11554 

214 

4-28618 

213 

46 

3-60466 

219 

3-77620 

219 

3-94744 

219 

4-11839 

219 

4-28902 

218 

47 

3-60752 


3-77905 

224 

3-95029 

223 



4-29187 


48 

3-61038 

229 

3-78191 


3-95315 

228 

4-12408 

228 

4-29471 

227 

49 

3-61324 

234 

3-78476 

234 

3-95600 

233 

4-12693 

233 

4-29755 

232 

50 

3-61610 

238 

3-78762 

238 

3-95885 

238 

4-12978 

238 

4-30039 

237 

51 

3-61896 

243 

3-79048 

243 

3-96170 

242 

4-13262 

242 

4-30323 

241 

52 

3-62183 

248 

3-79333 

248 

3-96455 

247 

4-13547 

247 

4-30607 


53 

3-62469 

252 

3-79619 


3-96740 


4-13831 

252 

4-30891 

251 

54 

3-62755 

257 

3-79905 

257 

3-97025 

257 


257 

4-31175 


55 

3-63041 


3-80190 

262 

3-97310 

261 

4-14401 

261 

4-31459 


56 

3-^27 


3-80476 

267 

3-97596 

266 

4-14685 

266 

4-31743 

265 

57 

^-63613 

272 

3-80761 


3-97881 

271 

4-14970 

271 



58 

3-63899 

276 

3-81047 


3-98166 

276 

4-15254 

276 

4-32311 

275 

59 

3-64185 

281 

3-81332 

281 

3-98451 

280 

4-15539 

280 

4-32595 

279 

60 

3-64471 

286 

3-81618 

286 

3-98736 

285 

4-15823 

285 

4-32879 

284 



















642 


TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


Tables 


25 ° 

^arts 

for 

] 

26 ° 

Parts 

for 

I 

27 ° 

:^arts 

for 

P 

28 ° 1 



4-49902 

0 

4-66891 

0 

4-83844 



4-50186 

5 

4-67174 

5 

4-84126 


9 

4-50469 

9 

4-67456 

9 

4-84408 


14 

4-50752 

14 

4-67739 

14 




4-51036 

19 

4-68022 

19 

4-84973 



4-51319 

24 

4-68305 

24 

4-85255 


28 

4-51603 

28 

4-68588 

28 

4-85537 


33 

4-51886 

33 

4-68870 

33 

4-85819 


38 

4-52169 

38 

4-69153 

38 

4-86101 



4-52453 

42 

4-69436 

42 

4-86384 

4-35719 

47 

4-52736 

47 

4-69719 

47 

4-86666 


52 

4-53019 

52 

4-70001 

52 

4-86948 

4136286 

57 

4-53303 

57 

4-70284 

57 

4-87230 


62 

4-53586 

61 

4-70567 

61 

4-87512 


66 

4-53869 

66 

4-70850 

66 

4-87794 


71 

4-54152 

71 

4-71132 

71 




4-54436 

76 

4-71415 

76 

4-88358 


80 

4-54719 

80 

4-71698 

80 

4-88640 


85 

4-55002 

85 

4-71980 

85 

4-88923 


90 

4-55286 

90 

4-72263 

90 

4-89205 

4-38557 

95 

4-55569 

94 

4-72546 

94 

4-89487 


99 

4-55852 

99 

4-72828 

99 

4-89769 


104 

4-56135 

104 

4-73111 

104 

4-90051 

4-39409 


4-56419 


4-73394 

109 

4-90333 

4-39692 

114 


113 

4-73676 

113 

4-90615 

4-39976 

118 

4-56985 

118 

4-73959 

118 

4-90897 

4-40260 

123 

4-57268 

123 

4-74241 

123 

4-91179 

4-40544 

128 

4-57551 

127 

4-74524 

127 

4-91461 

4-40827 

133 

4-57834 

132 

4-74807 

132 

4-91743 

4-41111 

137 

4-58118 

137 

4-75089 

137 

4-92025 

4-41395 

142 

4-58401 

141 

4-75372 

141 

4-92307 

4-41678 

147 

4-58684 

146 

4-75654 

146 

4-92588 

4-41962 

151 

4-58967 

151 

4-75937 

151 

4-92870 

4-42246 

156 

4-59250 

156 

4-76219 

156 

4-93152 

4-42530 

161 

4-59533 

160 

4-76502 

160 

4-93434 

4-42813 

166 

4-59816 

165 

4-76784 

165 

4-93716 

4-43097 


4-60099 

170 

4.77067 

170 

4 93998 

4-43381 

175 

4-60382 

174 

4-77349 

174 


4-43664 

180 

4-60666 

179 

4-77632 

179 

4-94562 

4-43948 

185 

4-60949 

184 

4-77914 

184 

4.94844 

4-44232 

189 

4-61232 

189 

4-78197 

189 

4-95125 

4-44515 

194 

4-61515 

193 

4-79479 

193 

4-95407 

4-44799 

199 

4-61798 

198 

4-78762 

198 

4-95689 

4-45082 

204 

4-62081 

203 

4-79044 

203 

4-95971 

4-45366 

208 

4-62364 

207 

4-79327 

207 

4-96253 

4-45650 

213 

4-62647 


4-79609 


4-96534 

4-45933 

218 

4-62930 

217 

4-79891 

217 


4-46217 


4-63213 


4-80174 


4-97098 

4-46500 


4-63496 

227 



4-97380 

4-46784 

232 

4-63779 

231 

4-80738 

231 


4-47067 

237 


236 

4-81021 

236 

4-97943 

4-47351 

241 

4-64345 

241 

4-81303 

241 

4-98225 

4-47634 

246 

4-64628 

245 

4-81585 

245 

4-98507 

4-47918 

251 

4-64910 


4-81868 


4-98788 

4-48201 

256 

4-65193 

255 

4-82150 

255 

4-99070 

4-48485 

260 

4-65476 

259 

4-82432 

259 

4-99352 

4-48768 

265 

4-65759 

264 

4-82715 

264 

4-99633 

4-49052 

270 



4-82997 


4-99915 

4-49335 

275 

4-66325 

274 

4-83279 

1 274 

5-00197 

4-49619 

1 279 

1 4-66608 

1 278 

1 4-83561 

278 

5-00478 

4-49902 

284 

4-66891 

283 

; 4-83844 

283 

5 -00760 


. '1323 

5-01605 
5-01886 
5-02168 
5-02450 
5-02731 
5-03013 
5-03294 
5-°3576 
5 •03857 

5-04139 

5-04420 

5-04702 

5-04983 

5-05265 

5-05546 

5-05827 

5-06109 

5-06390 

5-06672 

5-06953 

5-07235 

5-07516 

5-07797 

5-08079 

5-08360 

5-08923 

5-09204 

5-09485 

5-09766 

5-10048 

5-10329 

5-10610 

iiii73 

5-II454 

5-11735 

5-12579 

5-13141 

5-13422 

5-13703 

5-13984 

5-14547 

5-14828 

5-15109 
5 15390 

5-15671 

5-15952 

5-16233 

5-16514 

5-16795 

5-17076 

5-17357 

5-17638 







































Tables 


TABLE XVm—Chords of Arcs from 0° to 60° ; radius==10 


643 


Min. 

80° 

Parts 

for 

31° 

Parts 

for 

32° 

Parts 

for 

83° 

Parts 

for 

34° 

Parts 

for 

o 

5-17638 

0 

5-34477 

0 

5-51275 

0 

5-68031 

0 

5-84743 

0 


517919 

5 

5-34757 

5 

5-51554 

5 

5-68309 

5 

5-85022 

5 



9 

5-35037 

9 

5-51834 

9 

5-68588 

9 

5-85300 

9 

3 

5-18481 

14 

5-35318 

14 

5-52114 

14 

5-68867 

14 

5-85578 

14 

4 

5-18762 

19 

5-35598 

19 

5-52393 

19 

5-69146 

19 

5-85856 

19 

5 

5-19043 

23 

5-35878 

“3, 

5-52673 

23 

5-69425 

23 

5-86134 

23 

6 

5-19324 

28 

5-36158 

28 

5-52952 

28 

5-69704 

28 

5-86412 

28 

7 

5-19605 

33 

5-36439 

33 

5-53232 

32 

5-69983 

32 

5-86690 

32 

8 

5-19886 

37 

5-36719 

37 

5-53512 

37 

5-70262 

37 

5-86968 

37 

9 

5-20167 

42 

5-36999 

42 

5-53791 

42 

5-70540 

42 

5-87246 

42 

lO 

5-20447 

47 

5-37279 

47 

5-54070 

46 

5-70819 

46 

5-87525 

46 

11 

5-20728 

52 

5-37559 

51 

5-54350 

51 

5-71098 

51 

5-87803 

51 


5*21009 

56 

5-37840 

56 

5-54629 

56 

5-71377 

56 

5-88081 

56 

13 

5*21290 

61 

5-38120 

61 

5-54909 

60 

5-71655 

60 

5-88359 

60 

14 

5-21571 

66 

5-38400 

65 

5-55188 

65 

5-71934 

65 

5-88637 

65 

15 

5-21851 

70 

5-38680 

70 

5-55468 

70 

5-72213 

70 

5-88915 

69 

i6 

5-22132 


5-38960 

75 

5-55747- 

74 

5-72492 

74 

5-89193 

74 

17 

5-22413 

80 

5-39240 

79 

5-56027 

79 

5-72770 

79 

5-89471 

79 

i8. 

5-22694 

84 

5-39520 

84 

5-56306 

84 

5-73049 

84 

5-89749 

83 

19 

5-22975 

89 

5-39800 

89 

5-56585 

88 

5-73328 

88 

5-90026 

88 

20 

5-23255 

94 

5-40081 

93 

5-56865 

93 

5-73606 

93 

5-90304 

93 

21 

5-23536 

98 

5-40361 

98 

5-57144 

98 

5-73885 

98' 

5-90582 

97 


5-23817 

103 

5-40641 

103 

5-57424 


5-74164 


5-90860 


23 

5-24098 

108 

5-40921 

107 

5-57703 

107 

5-74442 

107 

5-91138 

107 

24 

5-24378 

113 

5-41201 


5-57982 

112 

5-74721 


5-91416 


25 

5-24659 

117 

5-41481 

117 

5-58261 

116 

5-75000 

116 

5-91694 

116 

26 

5-24940 

122 

5-41761 


5-58541 


5-75278 


5-91972 


27 

5-25221 

126 

5-42041 

126 

5-58820 

126 

5-75557 

126 

5-92250 

125 

28 

5-25501 

131 

5-42321 

131 

5-59099 

130 

5-75835 

130 

5-92528 

130 

29 

5-25782 

136 

5-42601 

135 

5-59379 

135 

5-76114 

135 

5-92805 

134 

30 

5-26062 

140 

5-42881 

140 

5-59658 

139 

5-76393 

139 

5-93083 

139 

31 

5-26343 

145 

5-43161 

145 

5-59937 

144 

5-76671 

144 

5-93361 

144 

32 

5-26624 

150 

5-43441 

149 

5-60217 

149 

5-76950 

149 

5-93639 

148 

33 

5-26904 

155 

5-43721 

154 

5-60496 

153 

5-77228 

153 

5-93916 

153 

34 

5-27185 

159 

5-44001 

159 

5-60775 

158 

5-77507 

158 

5-94194 

158 

35 

5-27466 

164 

5-44280 

163 

5-61054 

163 

5-77785 

163 

5-94472 

162 

36 

5-27746 

169 

5-44560 

168 

5-61333 

167 

5-78064 

167 

5-94750 

167 

37 

5-28027 

173 

5-44840 

173 

5-61613 

172 

5-78342 

172 

5-95028 

171 

38 

5-28307 

178 

5-45120 

177 

5-61892 

177 

5-78621 

177 

5-95305 

176 

39 

5-28588 

! 183 

5-45400 

182 

5-62171 

181 

5-78899 

181 

5-95583 

181 

40 

5-28868 

187 

5-45680 

187 

5-62450 

186 

5-79177 

186 

5-95861 

185 

41 

5-29149 

192 

5-45960 

191 

5-62729 

191 

5-79456 

191 

5-96138 

190 

42 

5-29429 

197 

5-46240 

196 

5-63008 

195 

5-79734 

195 

5-96416 

194 

43 

5-29710 


5-46520 

201 

5-63287 

200 

5-80013 


5-96694 

199 

44 

5-29990 

206 

5-46799 

205 

5-63567 

205 

5-80291 

205 

5-96971 

204 

45 

5-30271 


5-47079 

210 

5-63846 

209 

5-80569 

209 

5-97249 


46 

5-30551 

215 

5-47359 

215 

5-64125 

214 

5-80848 

214 

5-97326 

213 

47 

5-30832 

220 

5-47639 

219 

5-64404 


5-81126 

219 

5-97804 

218 

48 

5-31112 

225 

5-47918 


5-64683 

223 

5-81404 

223 

5-98082 


49 

5-31393 

229 

5-48198 


5-64962 

228 

5-81683 

228 

5-98359 

227 

50 

5-31673 

234 

5-48478 

233 

5-65241 

233 

5-81961 

233 

5-98637 

232 

51 

5-31954 

230 

5-48758 

238 

5-65520 

237 

5-82239 

237 

5-98914 

236 

52 

5-32234 

244 

5-49037 

243 

5-65799 


5-82518 

242 

5-99192 

241 

53 

5-32514 

248 

5-49317 

247 

5-66078 

247 

5-82796 

247 

5-99469 


54 

5-32795 

253 

5-49597 

252 

5-66357 

251 

5-83074 

251 

5-99747 

250 

55 

5-33075 

258 

5-49876 

257 

5-66636 

256 

5-83352 

256 


255 

56 

5-33355 

262 

5-50156 

261 

5-66915 


5-83631 


6-00302 

259 

57 

5-33636 

267 

5-50436 

266 

5-67194 

265 

5-83909 

265 

6-00579 


58 

5-33916 

272 

5-50715 

271 

5-67473 


5-84187 


6-00857 

269 

59 

5-34196 

276 

5-50995 

275 

5-67752 

274 

5-84465 

274 

6-01134 

273 

60 

5-34477 

281 

5-51275 

280 

5-68031 

279 

5-84743 

279 

6-01412 

278 
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Tables 


TABLE XVIII—Chords of Arcs from 0° to 60“ ; radius=10 


Min. 

36° 

Parts 

for 

36° 1 

Parts 

for 

37° 

Parts 

for 

88° 

Parts 

for 

39° 

Parts 

for 

o 

6-01412 

0 

6-18034 

0 

6-34609 

0 

6-51136 

0 

6-67614 

0 


6-01689 

5 

6-18311 

5 

6-34885 

5 

6-51411 

5 

6-67888 

5 


6-oig66 

9 

6-18587 

9 

6-35161 

9 

6-51686 

9 

6-68162 

9 


6-02244 

14 

6-18864 

14 

6-35437 

14 

6-51961 

14 

6-68436 

14 



18 

6-19140 

18 

6-35713 

18 

6-52236 

18 

6-68710 

18 


6-02799 

23 

6-19417 

23 

6-35988 

23 

6-52511 

23 

6-68984 

23 

6 

6-02076 

28 

6-19694 

28 

6-36264 

28 

6-52786 

28 

6-69259 

27 


6-03353 

32 

6-19970 

32 

6-36540 

32 

6-53061 

32 

6-69533 

32 

8 

6-03631 

37 

6-20247 

37 

6-36816 

37 

6-53336 

37 

6-69807 

37 


6-03908 

42 

6-20523 

41 

6-37092 


6-53611 

41 

6-70081 

41 


6-04185 

46 

6-20800 

46 

6-37367 

46 

6-53886 

46 

6-70355 

46 


6-04463 

51 

6*21076 

51 

6-37643 

51 

6-54161 

51 

6-70729 

50 



55 

6-21353 

55 

6-37919 

55 

6-54436 

55 

6-70903 

55 



60 


60 

6-38194 

60 

6-54711 

60 

6-71177 

59 

14 


65 

6-21906 

64 

6-38470 

64 

6-54986 

64 

6-71451 

64 



69 

6-22182 

69 

6-38746 

69 

6-55260 

69 

6-71725 

68 

16 

6-05849 

74 

6-22459 

74 

6-39021 

73 

6-55535 


6-71999 

73 



78 

6-22735 

78 

6-39297 

78 

6-55810 

78 

6-72273 


18 

6-06403 

83 

6-23012 

83 

6-39573 

83 

6-56085 

83 

6-72547 

82 


6-06680 

88 

6-23288 

87 

6-39848 

87 

6-56360 

87 

6-72821 

87 


6-06958 

92 

6-23564 

92 

6-40124 

92 

6-56634 

92 

6-73095 

91 

21 


97 

6-23841 

97 

6-40399 

96 

6-56909 

96 

6-73369 

96 


6-07512 




6-40675 


6-57184 


6-73643 


23 

6-07789 

106 

6-24394 


6-40950 

105 

6-57459 

105 

6-73917 

105 

24 

6-08066 






6-57733 


6-74191 


25 

6-08343 

116 

6-24946 

115 


115 

6-58008 

115 

6-74464 

114 

26 

6-08620 


6-25222 


6-41777 

119 

6-58283 

119 

6-74738 

119 

27 

6-08897 

125 

6-25499 

124 

6-42053 

124 

6-58557 

124 

6-75012 

123 

28 

6-09174 

129 

6-25775 

129 

6-42328 

128 

6-58832 

128 

6-75286 

128 

29 

6-09451 

134 

6-26051 

133 

6-42604 

133 

6-59107 

133 

6-75560 

132 

30 

6-09729 

138 

6-26328 

138 

6-42879 

137 

6-59381 

137 

6-75833 

137 

31 

6-10006 

143 

6-26604 

143 

6-43154 

142 

6-59656 

142 

6*76107 

142 

32 


148 

6-26880 

147 

6-43430 

147 

6-59931 

147 

6-76381 

146 

33 

6-10560 

152 

6-27156 

152 

6-43706 

151 


151 

6-76655 

151 

34 

6-10837 

157 

6-27433 

156 

6-43980 

156 

6-60480 

156 

6-76928 

155 


6-11114 

161 

6-27709 

161 

6-44256 

160 

6-60754 

160 

6-77202 


36 

6-11391 

166 

6-27985 

166 

6-44531 

165 

6-61029 

165 

6-77476 


37 

6-11668 

171 

6-28261 


6-44807 

170 

6-61303 

170 

6-77750 


38 

6-11945 

175 

6-28537 

175 

6-45082 

174 

6-61578 

174 

6-78023 

174 


6-12221 

180 

6-28813 

179 

6-45357 

179 

6-61852 

179 

6-78297 

178 

40 

6-12498 

185 

6-29090 

184 

6-45633 

183 

6-62127 

183 

6-78570 

183 


6-12775 

189 

6-29366 

189 

6-45908 

188 

6-62401 

188 

6-78844 

187 

42 

6-13052 

194 

6-29642 

193 

6-46183 

193 

6-62676 

193 


192 

43 

6-13329 

199 

6-29918 

198 

6-46459 

197 

6-62950 

197 

6-79391 


44 

6-13606 

203 

6-30194 


6-46734 


6-63225 


6-79665 



6-13883 

208 

6-30470 

207 

6-47009 

206 

6-63499 


6-79939 


46 

6-14160 


6-30746 


6-47284 


6-63773 


6-80212 



6-14436 

217 

6-31022 


6-47560 

215 

6-64048 

215 

6-80486 

215 

48 

6-14713 


6-31298 

221 

6-47835 


6-64322 


6-80759 


49 

6-14990 


6-31574 

225 

6-48110 


6-64597 


6-81033 

224 

50 

6-15267 

231 

6-31850 

230 

6-48385 

229 

6-64871 

229 

6-81306 

228 

51 

6-15544 

235 

6-32126 

235 

6-48660 

234 

6-65145 

234 

6-81580 

233 

52 

6-15820 


6-32402 

239 

6-48936 

238 

6-65420 

238 

6-81853 

237 

53 

6-16097 

245 

6-32678 

244 

6-49211 

243 

6-65694 

243 

6-82127 

242 

54 

6-16374 

249 

6-32954 

248 

6-49486 

248 

6-65968 

248 

6-82400 

247 

55 

6-16651 

254 

6-3323° 

253 

6-49761 

252 

6-66242 

252 

6-82673 

251 

56 

6-16927 

259 

6-33506 

258 

6-50036 

257 

6-66517 

257 

6-82947 

256 


6-17204 

263 

6.-33782 


6-50311 

261 

6-66791 

261 

6-83220 

260 

58 

6-17481 

268 

6-34058 


6-50586 

266 

6-67065 

266 

6-83494 

265 

59 

6-17757 

272 

6-34334 

271 

6-50861 


6-67340 

270 

6-83767 


60 

6-18034 

277 

6-34609 

276 

6-51136 

275 

6-67614 

275 

6-84040 

274 


























Tables 


TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


545 


Min. 

40° 

Parts 

for 

41° 

Parts 

for 

42° 

Partq 

for 

«° 

Parts 

for 

44° 

Parts 

for 

o 

6-84040 

0 

7-00415 

0 

7-16736 

0 

7-33002 

0 

7-49213 

0 


6-84314 

5 


5 

7-17007 

5 

7-33273 


7-49483 

4 


6-84587 

9 

7-00960 

9 

7-17279 

9 

7-33544 

9 

7-49753 

9 

3 

6-84860 

14 

7-01232 

14 

7-17551 

14 

7-33814 

13 

7-50022 

13 


6-85134 

18 

7-01505 

18 

7-17822 

18 

7-34085 

18 

7-50292 

18 

5 

6-85407 

23 

7-01777 

23 

7-18094 

23 

7-34356 


7-50562 


6 

6-85680 

27 

7*02040 

27 

7-18365 

27 

7-34626 

27 

7-50831 

27 

7 

6-85953 

32 

7*02322 

32 

7-18637 

32 

7-34897 

31 

7-51101 

31 

8 

6-86227 

36 

7-02594 

36 

7-18908 

36 

7-35167 

36 

7-51370 

36 

9 

6-86500 


7-02866 

41 

7-19179 

41 

7-35438 

41 

7-51640 

40 

lO 

6-86773 

45 

7-03139 

45 

7-19451 

45 

7-35708 

45 

7-51909 

45 

u 

6-87046 

50 

7-03411 

50 

7-19722 

50 

7-35979 

49 

7-52179 

49 


6-87319 

55 

7-03683 

54 

7-19994 

54 

7-36249 

54 

7-52449 

54 

13 

6-87593 

59 

7-03956 

59 

7-20265 

59 

7-36520 

58 

7-52718 

58 

14 

6-87866 

64 


63 

7-20536 

63 

7-36790 

63 

7-52988 

63 

15 

6-88139 

68 

7-04500 

68 

7-20808 

68 

7-37060 

67 

7-53257 

67 

16 

6-88412 

73 

7-04772 

72 

7*21079 

72 

7-37331 

72 

7-53526 

72 

17 


77 

7-05045 

77 

7-21350 

77 

7-37601 

76 

7-53796 

76 

18 

6-88958 

82 

7-05317 

82 


81 

7-37872 

81 

7-54065 

81 

19 

6-89231 

87 

7-05589 

86 

7-21893 

86 

7-38142 

85 

7-54335 

85 

20 

6-89504 

91 

7-05861 

91 

7-22164 

90 

7-38412 

90 

7-54604 

90 

21 

6-89777 

96 

7-06133 

95 

7-22435 

95 

7-38683 

95 

7-54873 

94 


6-90050 


7-06405 


7*22707 

99 

7-38953 

99 

7-55143 

99 

23 

6-90323 

105 

7-06678 

104 

7-22978 

104 

7-39223 

103 

7-55412 

103 

24 

6-90596 

109 

7-06950 

109 

7-23249 

108 

7-39494 

108 

7-55682 

108 

25 

6-90869 

114 

7-07222 

113 

7-23520 

113 

7-39764 


7-55951 


26 

6-91142 

118 

7-07494 

118 

7-23792 

117 

,7-40034 

117 

7-56220 

117 

27 

6-91415 

123 

7-07766 


7-24063 


7-40304 


7-56489 


28 

6-91688 

127 

7-08038 

127 

7-24334 

126 

7-40574 

126 

7-56759 

126 

29 

6-91961 

132 

7-08310 

131 

7-24605 

131 

7-40845 

130 

7-57028 

130 

30 

6-92234 

136 

7-08582 

136 

7-24876 

135 

7-41115 

135 

7-57297 

134 

31 

6-92507 

141 

7-08854 

141 

7-25147 

140 

7-41385 

140 

7-57566 

139 

32 

6-92780 

146 

7-09126 

145 

7-25418 

145 

7-41655 

144 

7-57836 

143 

33 

6-93053 

150 

7-09398 

150 

7-25689 

149 

7-41925 

148 

7-58105 

148 

34 

6-93326 

155 

7-09670 

154 

7-25960 

154 

7-42195 

153 

7-58374 

152 

35 

6-93599 

159 

7-09942 

159 

7-26231 

158 

7-42466 

158 

7-58643 

157 

36 

6-93871 

164 


163 

7-26502 

163 

7-42736 

162 

7-58912 

161 

37 

6-94144 

168 


168 

7-26773 

167 

7-43006 

167 

7-39181 

166 

38 

6-94417 

173 

7-10758 

172 

7-27044 

172 

7-43276 

171 

7-59451 

170 

39 

6-94690 

177 

7-11030 

177 

7-27315 

176 

7-43546 

175 

7-59720 

175 

40 

6-94962 

182 

7-11302 

i8i 

7-27586 

181 

7-43816 

180 

7-59989 

179 

41 

6-95235 

186 

7-11573 

186 

7-27857 

185 

7-44086 

185 

7-60258 

184 

42 

6-95508 

191 

7-11845 


7-28128 

190 

7-44356 

189 

7-60527 

188 

43 

6-95781 

196 

7-12117 

195 

7-28399 

194 

7-44626 

194 

7-60796 

193 

44 

6-96053 


7-12389 

199 

7-28670 

199 

7-44896 

198 

7-61065 

197 

45 

6-96326 


7-12661 

204 

7-28941 

203 

7-45166 

203 

7-61334 


46 

6-96599 


7-12932 


7-29212 

208 

7-45436 

207 

7-61603 

206 

47 

6-96871 

214 

7-13204 

213 

7-29483 


7-45706 


7-61872 


48 

6-97144 

218 

7-13476 

218 

7-29754 

217 

7-45976 

216 

7-62141 

215 

49 

6-97417 


7-13748 


7-30024 


7-46246 


7-62410 


50 

6-97689 

228 

7-14019 

227 

7-30295 

226 

7-46515 

225 

7-62679 

224 

51 

6-97962 

232 

7-14291 

231 

7-30566 

230 

7-46785 

229 

7-62947 

229 

52 

6-98235 

237 

7-14563 

236 

7-30837 

235 

7-47055 

234 

7-63216 

233 

53 

6-98507 

241 

7-14834 


7-31107 

239 

7-47325 

239 

7-63485 

238 

54 

6-98780 

246 

7-15106 

245 

7-31378 

244 

7-47595 

243 

7-63754 


55 

6-99052 


7-15378 

249 

7-31649 

248 

7-47864 

248 

7-64023 

2^7 

56 

6-99325 

255 

7-15650 

254 

7-31920 

253 

7-48134 

252 

7-64292 

251 

57 

6-99597 

259 

7-15921 

258 

7-32191 


7-48404 

257 

7-64561 

256 

58 

6-99870 

264 

7-16193 

263 

7-32461 

262 

7-48674 

261 

7-64829 

260 

59 


268 

7-16464 


7-32732 

266 

7-48944 

266 

7-65098 

265 

60 

7-00415 

273 

7-16736 

272 

7-33002 

271 

7-49213 

270 

7-65367 

269 




















TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


Tables 


45° 

Parts 

for 

46° 

Parts 

for 

47° 

Parts 

for 

48° 

Parts 

for 

p 

49° J 


0 

7-81462 

0 

7-97498 

0 

8-13473 

0 

8-29386 





7-97765 


8-13739 

4 

8-29651 



7-81998 

9 

7-98032 

9 

8-14005 

9 




7-82266 

13 

7-98298 

13 

8-14270 

13 

8-30181 


18 

7-82533 

18 

7-98565 

18 

8-14536 

18 

8-30445 



7-82801 


7-98832 


8-14802 

22 

8-30710 



7-83069 

27 

7-99098 

27 

8-15067 

26 

8-30974 



7-83336 

31 

7-99365 

31 

8-15333 

31 

8-31239 




36 

7-99632 

35 

8-15599 

35 

8-31503 




40 

7-99898 

40 

8-15864 

40 

8-31768 

7-68054 

45 

7-84139 

45 

8-00165 

44 

8-16130 

44 

8-32033 




49 

8-00432 

49 

8-16395 

49 

8-32297 




53 

8-00^8 

53 

8-16661 

53 

8-32562 


58 


58 

8-00965 

58 

8-16927 

57 





62 

8-01231 

62 

8-17192 

62 

8-33091 



7-85477 

67 

8-01498 

66 

8-17458 

66 

8-33355 



7-85744 

71 

8-01764 

71 

8-17723 

71 

8-33619 



7-86012 

76 


75 

8-17988 

75 

8-33^^4 




80 

8-02297 

80 

8-18254 

79 

8-34148 


85 

7-86547 

85 

8-02564 

84 

8-18519 

84 

8-34413 

7-70739 

89 

7-86814 

89 

8-02830 

89 

8-18785 

88 

8-34677 



7-87082 

93 

8-03096 

93 

8-19050 

93 

8-34941 


98 


98 

8-03363 

98 

8-19315 

97 

8-35206 


103 

7-87616 


8-03629 


8-19581 


8-35470 

7-71812 

107 

7-87884 

107 

8-03896 


8-19846 

106 

8-35734 

7-72080 


7-88151 


8-04162 


8-20111 


8-35998 


116 

7-88419 

116 

8-04428 

115 

8-20377 

115 

8-36263 



7-88686 


8-04694 


8-20642 

119 

8-36527 

7-72885 

125 

7-88953 

125 

8-04961 

124 

8-20907 

124 

8-36791 

7-73154 

130 


129 

8-05227 


8-21173 

128 

8-37055 

7-73422 

134 

7-89488 

133 

8-05493 

133 

8-21438 

132 

8-37319 

7-73690 

138 

7-89755 

138 

8-05760 

137 

8-21703 

m 

8-37584 

7-73958 

143 


142 

8-06026 

142 

8-21968 

141 

8-37848 

7-74227 

147 

7-90289 

147 

8-06292 

146 

8-22233 


8-38112 

7-74495 

152 

7-90557 

151 

8-06558 

151 

8-22498 

150 

8-38376 

7-74763 

156 

7-90824 

156 

8-06824 

155 

8-22764 

155 

8-38640 

7-75031 

161 

7-91091 

160 

8-07091 

160 

8-23029 

159 

8-38904 

7-75299 

165 

7-91358 

165 

8-07357 

164 

8-23294 

163 

8-39168 

7-75567 

170 

7-91625 

169 

8-07623 

168 

8-23559 


8-39432 

7-75836 

J74 

7-91893 

173 

8-07889 

173 

8-23824 

172 

8-39696 

I 7-76104 

179 

7-92160 

178 

8-08155 

177 

8-24089 

177 

8-39960 

7-76372 

183 

7-92427 

182 

8-08421 

182 

8-24354 

181 

8-40224 

7-76640 

188 

7-92694 

187 

8-08687 

186 

8-24619 

186 

8-40488 

i 7-76908 

192 

7-92961 

191 

8-08953 

191 

8-24884 

190 

8-40752 

t 7-77176 

197 

7-93228 

196 

8-09219 

195 

8-25149 

194 


i 7-77444 


7-93495 


8-09485 


8-25414 

199 


) 7-77712 

205 

7-93762 

205 

8-09751 

204 

8-25679 

203 

8-41544 

r 7-77980 

210 

7-94029 

209 

8-10017 

208 

8-25944 


8-41808 

i 7-78248 

214 

7-94296 

214 

8-10283 

213 

8-26209 

212 

8-42072 

) 7-78516 

219 

7-94563 

218 

8-10549 

217 

8-26474 

216 

8-42335 

) 7-78784 

223 

7-94830 

222 

8-10815 

222 

8-26739 

221 

8-42599 

[ 7-79052 

228 

7-95097 

227 

8-11081 

226 

8-27003 

225 

8-42863 

2 7-79320 

232 

7-95364 

231 

8-11347 

231 

8-27268 

230 

8-43127 

} 7-79588 

237 

7-95630 

236 

8-11613 

235 

8-27533 

234 

8-43391 

t 7-79855 

241 

7-93897 

240 

8-11879 

239 

8-27798 

239 

8-43654 

5 7-80123 

246 

7-96164 

245 

8-12144 

244 

8-28063 

243 

8-43918 

5 7-80391 


7-96431 

249 

8-12411 

248 

8-28328 

247 

8-44182 

7 7-80659 

255 

7-96698 

254 

8-12676 

253 

8-28592 

252 

8-44446 

3 7-80927 

259 

7-96965 

258 

8-12942 

257 

8-28857 

256 

8-44709 

9 7-81194 


7-97231 

263 

8-13208 


8-29122 

261 

8-44973 

3 7-81462 

268 

7-97498 

267 

8-13473 

266 

8-29386 

265 

8-45237 
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TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


547 


Miij. 

50° 

Parts 

for 

51° 

Parts 

for 

52° 

Parts 

for 

53° 

Parts 

for 

54° 

Parts 

for 

o 


0 

8-61022 

0 

8-76742 

0 

8-92396 

0 

9-07981 

0 


8-45500 


8-61285 

4 

8-77004 


8-92656 


9-08240 

4 



9 

8-61547 

9 

8-77265 

9 

8-92916 

9 

9-08499 

9 

3 

8-46027 

13 

8-6i8io 

13 

8-77527 

13 

8-93176 

13 

9-08759 

13 



17 

8-62072 

17 

8-77788 

17 

8-93437 

17 


17 




8-62335 


8-78049 


8-93697 


9-09277 


6 

8-46818 

26 

8-62597 

26 

8-78311 

26 

8-93957 

26 

9-09536 

26 

7 

8-47082 

31 

8-62860 

31 

8-78572 

30 

8-94217 

30 

9 09795 

30 

8 

8-47345 

35 

8-63122 

35 

8-78833 

35 

8-94478 

35 

9-10054 

35 

9 

8-47609 

39 

8-63384 

39 

8-79095 

39 

8-94738 

39 

9-10313 

39 


8-47872 

44 

8-63647 

44 

8-79356 

43 

8-94998 

43 

9-10572 

43 

u 

8-48135 

48 

8-63909 

48 

8-79617 

48 

8-95258 

48 

9-10831 

47 


8-48399 

53 

8-64171 

52 

8-79878 

52 

8-95518 

52 

9-11090 

52 


8-48662 

57 


57 

8-80140 

57 

8-95778 

56 

9-11349 

56 


8-48926 

61 

8-64696 

61 

8-80401 

61 

8-96038 

61 

9-11608 

60 



66 

8-64958 

65 

8-80662 

65 

8-96298 

65 

9-11867 

65 

i6 


70 

8-65221 

70 

8-80923 

70 

8-96558 

69 

9-12125 

69 


8-49716 

75 

8-65483 

74 

8-81184 

74 

8-96818 

74 

9-12384 

73 

i8 

8-49979 

79 

8-65745 

79 

8-81445 


8-97078 

78 

9-12643 

z® 


8-50242 

83 

8-66007 

83 

8-81707 

83 

8-97338 

82 

9-12902 

82 


8-50506 

88 

8-66270 

87 

8-81968 

87 

8-97598 

87 

9-13161 

86 

21 

8-50769 

92 

8-66532 

92 

8-82229 

91 

8-97858 

91 

9-13420 

91 


8-51032 

96 

8-66794 

96 

8-82490 

96 

8-98118 

95 

913678 

95 

23 

8-51295 


8-67056 


8-82751 


8-98378 


913937 

99 

24 

8-51559 

105 

8-67318 

105 

8-83012 

104 

8-98638 

104 

9-14196 

104 

25 

8-51822 


8-67580 

109 

8-83273 

109 

8-98898 

108 

914455 

108 

26 

8-52085 

114 

8-67842 

114 

8-83534 

113 

8-99158 

113 

914713 


27 

8-52348 

118 

8-68104 

I18 

8-83795 

117 

8-99418 

117 

9-14972 

117 

28 

8-52611 

123 

8-68366 


8-84056 


8-99677 


9-15231 


29 

8-52874 

127 

8-68628 

127 

8-84317 

126 

8-99937 


9-15489 

125 

30 

8-53137 

131 

8-68891 

131 

8-84577 

130 

9-00197 

130 

9-15748 

129 

31 

8-53401 

136 

8-69152 

135 

8 *84838 

135 

9-00457 

134 

9-16006 

134 

32 

8-53664 

140 

8-69414 


8-85099 

139 

9-00716 

139 

9-16265 

138 

33 

8-53927 

145 

8-69676 

144 

8-85360 

144 

9-00976 

143 

9-16524 

142 

34 

8-54190 

149 

8-69938 

148 

8-85621 

148 

9-01236 

147 


147 

35 

8-54453 

153 

8-70200 

153 

8-85882 

152 

9-01495 

152 

9-17041 

151 

36 

8-54716 

158 


157 

8-86142 

157 

9-01755 

156 

9-17299 

155 

37 

8-54979 


8-70724 

162 

8-86403 

161 

9-02015 

160 

9-17558 

160 

38 

8-55242 

167 

8-70986 

166 

8-86664 

165 

9-02274 

163 

9-17816 

164 

39 

8-55505 

171 

8-71248 

170 

8-86925 

170 

9-02534 

169 

918075 

168 

40 

8-55768 

175 

8-71510 

175 

8-87185 

174 

9-02793 

173 

9-18333 

173 

41 

8-56031 

180 

8-71771 

179 

8-87446 

178 

9-03053 

177 

9-18592 

177 

42 

8-56293 

184 

8-72033 

183 

8-87707 

183 

9-03313 

182 

9-18850 

181 

43 

8-56556 

188 

8-72297 

188 

8-87967 

187 

9-03572 

186 

9-19108 

186 

44 

8-56819 

193 

8-72556 

192 

8-88228 

191 

903832 

191 

919366 

190 

45 

8-57082 


8-72818 

197 

8-88489 

196 

9-04091 

195 

9-19625 

194 

46 

8-57345 

202 

8-73080 


8-88749 


9-04351 

199 

9-19883 

199 

47 

8-57607 


8-73342 

205 

8-89010 

204 

9-04610 

203 


203 

48 

8-57870 


8-73604 


8-89270 

209 

9-04869 

208 

9-20400 

207 

49 

8-58133 

215 

8-73865 

214 

8-89531 

213 

9-05129 

212 

9-20658 


50 

8-58396 


8-74127 

218 

8-89791 

218 

9-05388 

217 

9-20916 

216 

51 

8-58659 

224 

8-74388 

223 

8-90052 

222 

9-05647 

221 

9-21174 

220 

52 

8-58921 

228 

8-74650 

227 

8-90312 


905907 

225 

9-21432 

224 

53 

8-59184 

232 

8-74912 

231 

8-90573 

231 


230 

9-21691 


54 

8-59447 

237 

8-75173 

236 

8-90833 

235 

9-06426 

234 

9-21949 

233 

55 

8-59709 

241 

8-75435 

240 

8-91094 

239 

9-06685 

238 

9-22207 

237 

56 

8-59972 


8-75696 

245 

8-91354 

244 

9 06944 

243 

9-22465 


57 

8-60234 

250 

8-75958 

249 

8-91615 

248 

9-07203 

247 

9-22723 

246 

58 

8-60497 

254 

8-76219 

253 

8-91875 

252 

9-07463 

251 

9-22981 

250 

59 

8-60760 

259 

8-76481 

258 

8-92135 

257 

9-07722 

256 

9-23239 

255 

60 

8-61022 

263 

8-76742 

262 

8-92396 

261 

9-07981 

260 

9-23497 

259 
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TABLE XVIII—Chords of Arcs from 0° to 60° ; radius=10 


Tables 


65 ° 

Parts 

for 

56 ° 

Parts 

for 

57 ° 

Parts 

for 

58 ° 

Parts 

for 


0 

9-38943 

0 

9-54318 

0 

9-69619 

0 



9*39200 


9-54573 

4 

9-69874 

4 



9-39457 

9 

9-54829 

8 

9-70128 



13 

9-39714 

13 

9-55084 

13 

9-70382 

13 



9-39970 

17 

9-55340 

17 

9-70637 

17 



9-40227 


9-55596 


9-70891 



26 

9-40484 

26 

9-55851 

25 

9-71145 

25 



9-40741 

30 

9-56107 

30 

9*71400 

30 



9-40997 

34 

9-56362 

34 

9*71654 

34 


38 

9-41254 

38 

9-56617 

38 

9-71908 

38 

9-26076 

43 

9-41511 

43 

9-56873 

42 

9-72162 

42 



9-41767 

47 

9-57128 

47 

9-72417 

47 



q-42024 

51 

9-57384 

51 

9-72671 

51 

9-26850 



55 

9-57639 

55 

9-72925 

55 

9-27108 

60 

9-42537 

60 

9-57894 

59 

9-73179 

59 



9-42794 

64 

9-58150 

64 

9-73433 

63 


69 

9-43050 

68 

9-58405 

68 

9-73687 


9-27881 

73 

9-43307 

73 

9-58661 

72 

9-73941 

72 

9-28138 

77 

9-43563 

77 

9-58916 

76 

9-74195 

76 


81 

9-43820 

81 

9-59171 

81 

9-74449 


9-28654 

86 

9-44076 

85 

9-59426 

85 

9-74703 

85 

t 


9-44332 

90 

9-59681 

89 

9-74957 

89 




94 

9-59937 

93 

9-75211 

93 

9-29427 

99 

9-44845 

98 

9-60192 

98 

9-75465 

97 

9-29684 

103 

9-45102 


9-60447 


9-75719 


9-29942 

107 

9-45358 

107 



9-75973 


• 9-30199 


9-45614 


9-60957 


9-76227 


9-30457 

116 

9-45870 

115 


115 

9-76481 

114 

9-30714 


9-46127 

119 

9-61467 

119 

9-76735 

119 

9-30972 

124 

9-46383 

124 

9-61723 

123 

9-76989 

123 

9-31229 

128 

9-46639 

128 

9-61978 

-127 

9-77242 

127 

9-31486 

133 

9-46896 

132 

9-62233 

132 

9-77496 

131 

9-31744 

137 

9-47152 

137 

9-62488 

136 

9-77750 

135 

9-32001 

141 

9-47408 

141 

9-62743 


9-78004 

140 

9-32259 

146 

9-47664 

145 

9-62997 

145 

9-78258 

144 

9-32516 

150 

9-47920 

149 

9-63252 

149 

9-78511 


9-32773 

154 

9-48176 

154 

9-63507 

153 

9-78765 

152 

9-33031 

158 

9-48432 

158 

9-63762 

157 

9-79019 

157 

9-33288 

163 

9-48689 

162 

9-64017 

162 

9-79272 


9-33545 

167 

9-48945 

166 

9-64272 

166 

9-79526 

165 

9-33802 

171 

9-49201 

171 

9-64527 

170 

9-79779 

169 

9-34060 

176 

9-49457 

175 

9-64782 

174 

9-80033 

174 

9-34317 

180 

9-49713 

179 

9-65036 

179 

9-80287 

178 


184 

9-49969 

183 

9-65291 

183 

9-80540 

182 

9-34831 

188 

9-50225 

188 

9-65546 

187 

9-80794 

186 

9-35088 

193 

9-50481 

192 

9-65801 

191 

9-81047 

191 

' 9-35345 

197 

9-50737 

196 

9-66055 

196 

9-81301 

195 

9-35603 


9-50992 


9-66310 


9-81554 

199 

1 9-35860 

206 

9-51248 

205 

9-66565 


9-81808 

203 



9-51504 

209 

9-66819 

208 


207 

1 9-36374 

214 

9-51760 

213 

9-67074 

213 

9-82314 

212 

9-36631 

218 

9-52016 

218 

9-67329 

217 

9-82568 

216 

. 9-36888 

223 

9-52272 


9-67583 


9-82821 


1 9-37145 

227 

9-52528 

226 

9-67838 

225 

9-83074 

224 

^ 9-37402 

231 

9-52783 

230 

9-68092 

230 

9-83328 

229 

i 9-37659 

236 

9-53039 

235 

9-68347 

234 

9-83581 

233 

) 9-37916 

240 

9-53295 

239 

9-68601 

238 

9-83834 

237 

j 9-38173 

244 

9-53550 

243 

9-68856 

242 

9-84087 

241 

i 9-38429 

249 

9-53806 

247 

9-69110 

247 

9-84341 


) 9-38686 

253 

9-54062 

252 

9-69365 

251 

9-84594 


) 9-38943 

257 

9-54318 

256 

9-69619 

255 

9-84848 

254 


9-84847 

9-85100 

9-85353 

9-85607 

9-85860 

9-89113 

9-86366 

9-86619 

9-86872 

9-87125 

9-87378 

9-87631 

9-87884 

9-88137 

9-88390 

9-88642 

9-88895 

9-89148 

9-89401 

9-89654 

9-89906 

9-90159 

9-90412 

9-90665 

9-90917 

9-91170 

9-91423 

9-91675 

9-91928 

9-92180 

9-92433 

9-92686 

9-92938 

9-93191 

9-93443 

9-93696 

9-93948 

9-94200 

9-94453 

9-94705 

9-94957 

9-95210 

9-95462 

9-95714 

9-95967 

9-96219 

9-96471 

9-96723 

9-96975 

9-97228 

9-97480 

9-97732 

9-97984 

9-98236 

9-98488 

9-98740 

9-98992 

9-99244 

9-99496 

9-99748 





























to be applied to observed angular distance to obtain the true horizontal angle between an elevated object and an object 
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TABLE XX 
Rhythmic Time Signals 

Corrections, in decimals of a second, to be added to the Chronometer time of the 
tick, whole or half second, immediately preceding the first dash of a rhythmic time 
signal [modified system) to give the exact Chronometer time of the first dash 


Elapsed 

(secs.) 

Elapsed 

time 

Corm. 

(secs.) 

Elapsed 

Corm. 

(secs.) 

Elapsed 

(secs.) 

1 

0016 

16 

0-262 

30-5 

0-008 

45-5 

0-254 

2 

0 033 

17 

0-279 

31-5 

0-025 

46-5 

0-270 

3 

0-049 

18 

0-295 

32-5 

0-041 

47-5 

0-287 

4 

0-066 

19 

0-311 

33-5 

0-057 

48-5 

0-303 

5 

0-082 

20 

0-328 

34-5 

0-074 

49-5 

0-320 

6 

0-098 

21 

0-344 

35-5 

0-090 

50-5 

0-336 

7 

0-115 

22 

0-361 

36-5 

0-107 

51-5 


8 

0-131 

23 

0-377 

37-5 

0-123 

52-5 

0-369 

9 

0-148 

24 

0-393 

38-5 

0-139 

53-5 

0-385 

10 

0-164 

25 

0-410 

39-5 

0-156 

54-5 

0-402 

11 

0-180 

26 

0-426 

40-5 

0-172 

55-5 

0-418 

12 

0-197 

27 

0-443 

41-5 

0-188 

56-5 

0-434 

13 

0-213 

28 

0-459 

42-5 

0-205 

57-5 

0-451 

14 

0-230 

29 

0-475 

43-5 

0-221 

58-5 

0-467 

15 

0-246 

30 

0-492 

44-5 

0-238 

59-5 

0-484 


Notes 

(1) Elapsed time=chron. time of coincidence—chron. time of tick preceding 

first dash of time signal. 

(All times being given to the nearest half-second and the hours and 
minutes ignored.) 

(2) When the start of the dash very nearly coincides with a tick of the chrono¬ 

meter, it may be difficult to decide the exact chronometer time of the 
preceding tick. All doubt may be dispelled by inspection ; for, if the 
first coincidence after each dash is a whole second, then the tick preceding 
the dash must have been a whole second, and vice versa. In other words, 
the elapsed times are always whole seconds for the first coincidence and 
half-seconds for the other. 

(3) Example on page 334. 
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TABLE XXI 

Constant for Pierce's Criterion 

For use with the ” least square ” method of finding the probable value of the 
mean of a series 


Constant for Pierce’s Criterion 


8 

9 


0-494 

0-453 


2 . 


0-341 

0-317 


3. 


0-263 

0-247 


10 


0-422 


0-233 


11 

12 

13 

14 


0-395 

0-373 

0-353 

0-335 


0-281 

0-268 

0-256 

0-245 


0-223 

0-213 

0-204 

0-197 


15 


0-235 


0-190 


16 

17 

18 
19 


0-307 

0-295 

0-284 

0-274 


0-227 

0-219 

0-212 

0-205 


0-184 

0-178 

0-173 

0-168 


0-163 


21 

22 

23 

24 


0-255 

0-248 

0-240 

0-232 


0-193 

0-188 

0-183 

0-178 


0-159 

0-155 

0-151 

0-148 


Note. —Pierce’s Criterion is applied first with m—\, then, if any of the series 
have to be rejected, with m—2, and so on. 

See explanation on page 349 et seq. 
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TABLE XXII 

Ekman’s Table of Corrections (in degrees Centigrade) to be added 
to temperatures measured in the Insulating Water Bottle 
(See page 442) 


Temperature of 

Depth 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 metres 

( Centigrade ) 

55 

109 

164 

219 

273 

328 

383 

437 

492 

547 

601 

656fathoms 

- 2 

•00 

■01 

■01 

■02 

■02 

■03 

■03 

■04 

■05 

■05 

■06 

■07 

- 1 

■01 

■01 

■02 

■02 

■03 

■03 

■04 

■05 

■05 

■06 

■07 

■08 

0 

■01 

■01 

■02 

■02 

■03 

■04 

■05 

■05 

•06 

■07 

■08 

■09 

j 

■01 

■01 

■02 

■03 

■04 

■04 

■05 

■06 

■07 

■08 

■09 

■10 

2 

■01 

■02 

■02 

■03 

■04 

■05 

■06 

■07 

■08 

■09 

■10 

■11 

3 

■01 

■02 

■03 

■03 

■04 

■05 

■06 

■07 

■09 

■10 

■11 

■12 

4 

■01 

■02 

■03 

■04 

■05 

■06 

■07 

■08 

■09 

■10 

■11 

■13 

5 

■01 

■02 

■03 

■04 

■05 

■06 

■07 

■09 

■10 

■11 

■12 

■14 

6 

■01 

■02 

■03 

■04 

■06 

■07 

■08 

■09 

■11 

■12 

■13 

■14 

7 

■01 

■02 

■04 

■05 

■06 

■07 

■09 

■10 

■11 

■12 

■14 

■15 

8 

■01 

■03 

■04 

■05 

■06 

■08 

■09 

■10 

■12 

■13 

■15 

■16 

9 

■01 

■03 

■04 

■05 

■07 

■08 

■10 

■11 

■12 

■14 

■15 

■17 

10 

■01 

•03 

■04 

■06 

■07 

■09 

■10 

■12 

■13 

■15 

■16 

■18 

11 

■01 

■03 

■04 

■06 

■07 

■09 

■10 

■12 

■14 

■15 

■17 

■19 

12 

■02 

■03 

■05 

■06 

■08 

■09 

■11 

■13 

■14 

■16 

■18 

■19 

13 

■02 

■03 

■05 

■06 

■08 

■10 

■11 

■13 

■15 

■17 

■18 

■20 

14 

■02 

■03 

■05 

■07 

■08 

■10 

■12 

■14 

■15 

■17 

■19 

■21 

15 

■02 

■03 

■05 

■07 

■09 

■10 

■12 

■14 

■16 

■18 

■20 

■22 

16 

■02 

■04 

■05 

■07 

■09 

■11 

■13 

■15 

■17 

■19 

■20 

■22 

17 

■02 

■04 

■06 

■07 

■09 

■11 

■13 

■15 

■17 

■19 

■21 

■23 

18 

■02 

■04 

■06 

■08 

■10 

■12 

■14 

■16 

■18 

■20 

■22 

■24 

19 

■02 

■04 

■06 

■08 

■10 

■12 

■14 

■16 

■18 

■20 

■22 

■25 

20 

■02 

■04 

■06 

■08 

■10 

■12 

■14 

■17 

■19 

■21 

■23 

■25 
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Index 


Abbreviations on fair charts 
Aberration (of lenses) 

Aberration, diurnal 
Abinger magnetic observatory 
Abscissae 

Table of. 

Absolute stereoscopic parallax 
Accuracy of 

Astronomical observations 
Azimuth observations at sea 
Base measurements 
Floating triangulation 

Formulae. 93, 104 

Measuring sheaves 

Radio bearings 
Ranges by log 
Tachymeter measurements 

Taut wire. 

Ten-foot pole measurements 
Accuracy, importance of 
on fair chart 
on plotting sheet .. 

Adjustment of Minor Control Plot: 
blocks of strips 
single strip 

Adjustment of Triangulation : 

Angles at a station 
Chain of figures .. 

Figures 

Polygon. 72, 76 

Quadrilateral .. .. 65, 69 

Triangle.. 

between astronomical positions ., 

,, measured bases .. 

,, two known positions 
Adjustment of 

Running survey plot 
Theodolite observations .. 

Traverses .. .. .. 145, 252 

Adjustments of 

Astrolabe.338 

Heliostat .. .. .. .. 137 

Level . 155, 157 

Theodolite.34 

Admiralty List of Radio Signals .. 332 

Admiralty Manual of Tides .. 299 

Admiralty pattern Levelling Stafi 142 

Admiralty Pilots :.421 

correction of .. .. .. 421 

verification of .. .. .. 426 

Admiralty Tide Tables .. 299,301 

Admiralty Time Zone Chart .. 309 

Air photographs : 

interpretation of .. .. .. 281 

surveying from . . . . .. 267 

use for coastlining .. .. 254 

use for finding under-water dangers 298 
use in running surveys .. .. 395 

use in sketch surveys .. .. 398 

want of correspondence in .. 293 


" Air Photography applied to Sur¬ 
veying ".267 

Air Survey Committee .. .. 268 

Aircraft, aid in searches for dangers 404 

Airy’s figure of the earth .. 89, 457 

Alber's equal area projection .. 163 

Aldis signalling lamp .. 123, 310 

Alidade .258 

Alignment of base :. 11 

correction for .. .. .. 12 

Almanac, nautical (see Nautical 
Almanac) 

Alnico metal .. .. .. .. 320 

Alphabets of Foreign Languages .. 425 

Alterations to chart plates .. .. 455 

Altimeter .267 

Altitude azimuth ; .. .. 376, 384 

tables .341 

Altitudes : 

Circum-meridian .. .. .. 361 

Equal . 335, 368 

Meridian .. .. .. .. 382 

Anallatic lens .. .. .. 141 

Analysis of 

Astrolabe observations .. .. 347 

Tidal observations .. 301,309 

Tidal stream and current obser¬ 
vations .. .. .. .. 323 

Anchorages, description of .. .. 422 

Anchored vessels, observing tidal 
streams from .. 312, 314, 319 

Anchors for marks and beacons 129-134 

Aneroid barometer : 

for measuring heights .. .. 153 

use in topography .. .. 258 

Angles, measurement of 

in floating triangulation .. .. 83 

by theodolite .. .. 47, 51 

in traverses .. .. .. 139 

Angles, protraction of by chords .. 172 

Angles, sextant, .correction of 120, 

207, 395, 549 

Angles, subtended, table of .. 535 

“Anglepoise ” table lamp .. .. 268 

Angular distance, correction of 395, 549 
" Apparent Places of Fundamental 
Stars (FK3) " .. 341, 362, 365, 377 

Application of colour washes on fair 

chart .411 

Arming of lead .229 

Artificial horizon .. .. .. 325 

Artificial marks, use of .. .. 126 

Astrolabe, prismatic ; .. .. 336 

adjustment .. .. .. 338 

description .. .. .. 336 

principle .. .. .. .. 336 

Astrolabe, 45° : 
observations, 

analysis of .. .. .. 347 

computation of position from.. 343 

propamme of observations .. 340 

setting up and using .. .. 342 

Astronomic notation .. .. x 
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Index 


Astronomical observations .. .. 324 

Accuracy of .. .. .. 325 

at sea .380 

Error of.335 

for base measurement .. .. 17 

,, geographical position.. 335,361 

,, latitude .. .. .. 361 

,, longitude .. .. .. 364 

Hints on use of theodolite for .. 379 

Necessity for .. .. .. 5 

Principles and methods .. .. 335 

Weighting values for 348, 349, 

350, 371 

with 45“ astrolabe .. .. 340 

,, sextant .. 325,361,380 

,. theodolite .. 325,361,364,379 

Astronomical positions, adjustment 

between.78 

Astronomical refraction .. 335, 502 

Atmospheric pressure, use in deter¬ 
mining heights .. .. .. 153 

Automatic tide gauges .. .. 304 

Axis of co-ordinate system .. 94 

Axis, theodolite, 

trunnion (or transit) .. 30, 37 

vertical .. .. .. 29, 37 

Azimuth : .. .. .. .. 372 

by altitude.376 

,, circumpolar stars .. .. 377 

,, sun .. .. .. .. 378 

,, time,.373 

computation .. .. 375 

Definition of .. .. .. 372 

Necessity for .. .. .. 5 

Observations at sea, .. .. 383 

accuracy of .. .. .. 384 

Observations on land, .. .. 372 

temporary marks for .. 373, 380 

Reverse,.88 

computation .. .. .. 89 

Baillie sinker .217 

Balance, spring, use of .. .. 10 

Balancing : 

Kite .233 

Otter .235 

Bamboos, for marks.. 127, 129, 131 

Bank ; 

ascertaining least depth over .. 199 

Definition of .426 

Survey of ., 390 

Banks, submarine ; 

form of .. .. .. .. 403 

Search for .. .. 403,404 

Barlings, use of for marks .. 127, 129 

Barometer, aneroid : 
for measuring heights .. .. 153 

use in topo^aphy .. .. 258 

Barometer heights ; .. .. .. 153 

correction for temperature .. 154 

Barrow’s Dip circle : .. .. 435 

determination of Dip with .. 438 

,, ,, Total force with 439 

Bars, description of .. .. .. 423 

Baryta paper.. .. .. .. 455 

alignment of .. .. 11,12 

Inaccessible .. .. 24, 26 

Site for.10 

Terminals .. .. .. .. 10 


Base (Cont .): 

triangulation 
Base extension : 
marks for .. 
necessity for 
triangulation 
Base-lines : 

for geodetic triangulation 
,, secondary triangulation 
ftincipal point 
Base measurement : 

by astronomical observations 
,, mast-head angle 

,, range-finder 
,, steel tapes 

,, sub-aqueous sound ranging .. 
,, subtense methods 
,, tachjmietry 


Corrections to 
Example of correcting .. 

Length of .. 

Necessity for 
Selection of site for 
Bases, adjustment of triangulation 
between 

Bay, definition of .. .. .. 4 

Beacons—see also " Marks ” .. 1 

Correction for height of .. .. 1 

Description of .. .. .. 1 

Quadripod .. .. 122, 1 

Size of .1 

temporary .. .. .. .. 1 

Tripod . 127, 1 

Beacons, floating : .. .. .. 1 

Dan buoy type .. .. .. 1 

Egeria type .1 

Ormonde type .. .. .. I 

in main triangulation 
in transit, taut wire traverse of 
method of streaming .. .. 1 

methods of weighing .. 133, 1 

Symbol for.4 

use of .. 79, 383, 388, 403, 4 

n compasses .. .. .. 1 


False or co-ordinate 
True (see " Azimuth ") .. 

Bench-marks : 
form of 
Necessity for 

reference to, for datum .. 
Bessel’s figure of the earth 
Binding machine for tracings 

Coastlining.. 

Field 

mounting . . 

Mooring 
Sounding .. 

Topography 
Whatman’s drawing 
Boat sounding 

Boat stations.. 

Boats: 

shooting up marks from 
speed of, when sounding 
speed of, when sweeping 


83, 252, 263, 264 
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Boats, use of 

as temporary marks .. 79, 130 

for drift sweeping .. .. 245 

,, sounding .. .. .. 197 

,, sweeping .241 

in coastlining .. .. 249, 252 

,, sketch surveys.397 

,. topography .. .. 263,264 

Boats'echo sounding gear .. .. 219 

Boats’ sweeping gear .. .. 241 

Tables for .. .. .. 241 

Boltstaves, use of for marks .. 124 

Borders of fair charts .. .. 416 

Bottom, ocean, nature of .. .. 229 

Bottom of sea, .. .. .. 6 

obtaining specimens of .. .. 216 

Breakers, fixing of .. .. .. 6 

Brief for demanding air photographs 267 
British modified grid system .. 188 

Brushes, paint .. .. .. 410 

Bubble tubes of 

Level .154 

Theodolite .. .. .. 31, 37 

Buildings, representation of ... 413 

" Bulletin Horaire ”.334 

Buoys : 

Dan, description of .. .. 134 

„ use of .. 200,243,391 

Navigational, use of .. .. 390 

Buried mark stones .. .. .. 123 


Cairns 129 

Calcareous oozes .. .. .. 230 

Calculation of trigonometrical 

.heights .150 

Calibration of 

Echo sounding gear .. .. 224 

Measuring sheaves .. .. 445 

Taut wire gear.25 

Cameras for air photography .. 267 

Cape, definition of .. .. .. 425 

Card landing compass .. .. 430 

Drawing paper .. .. .. 409 

Plotting sheet .. .. .. 158 

Cartesian rectangular co-ordinates 93 
Cartographers : .. .. 3, 324 

work of .. .. .. .. 446 

Cartography, science of .. .. 446 

Cassini-^ldner 

co-ordinates—conversion.. 110, 477 

projection 98, 101, 160, 165, 192, 196 
Centring of theodolite .. .. 53 

Chain adjustment of triangulation 64, 77 
between astronomical positions .. 78 

,, measured bases .. .. 77 

,, two known positions .. 78 

Channel, definition of .. .. 425 

Chart datum (see also " Datum ”) 299, 303 
Chart: 

Fair (see " Fair chart . .. 409 

Histories .. .. .. .. 451 

Plates, alterations to .. .. 455 

Production from surveys : .. 446 

Chart histories .. .. .. 451 

Combining new and old surveys 447 
Data for constructing naviga¬ 
tional charts .. .. .. 447 

Data from other authorities .. 450 

Drawing the chart .. .. 448 


Chart (Cont.) : 

Graduation .. .. .. 447 

Hachuring .. .. .. 449 

I.ettering .. .. .. 450 

Navigational aids .. .. 449 

Necessity for up-to-date correc¬ 
tion .450 

Planning new charts .. .. 446 

Previously reported dangers .. 450 

Selection of soundings . 448 

Topographical detail .. .. 449 

Charts : 

Choice of projection for 2, 160, 447 
Correction of published .. .. 407 

Difference from land maps .. 446 

Distortion of .. .. 405, 453 

Essentials of .. .. .. 446 

First printing of .. .. .. 1 

Graduation of .. 447, 452, 506 

Overlap of published .. .. 446 

Projections for .. 2, 160, 191, 447 

Purpose of .. .. 5,8,255 

Scheming of new .. .. 446 

Size of published .. .. 446 

Chimneys, use of, for marks 122, 126 

Chord dividers .169 

Chords: 

Protraction of angles by .. .. 172 

Table of.537 

Chronograph : .. .. 327, 342 

Battery for .. .. .. 330 

Description of .327 

Incidence marking key for .. 331 

Incidence measurer for .. .. 331 

Method of using .. .. .. 332 

Chronometer error, determination 

of. 326, 334 

Chronometers : 

Care of .326 

Comparison of .. .. .. 327 

Equipment of, for surveying ships 326 

for use with chronograph 326, 330 

Church spires, use of, for marks 122, 126 

Church towers, use of, for main 

stations. 57, 125 

Circle, dip, Barrow's .. .. 435 

Circles of 

Level .155 

Magnetometer .. .. .. 431 

Position .. .. .. .. 206 

Theodolite .. .. .. .. 27 

Circum-meridian altitudes .. .. 361 

Circumpolar stars at elongation .. 377 

Clarke’s figure of the earth 89, 457 

,, minimum error perspective 
projection .. .. .. ' .. 164 

Clay, red .230 

Clearing lines.. .. 6, 201, 422, 423 

Cleeiring Oropesa sweep from wrecks 239 

Cliffs, inking in .254 

Clinometer.258 

Close’s " Text Book of Topographi¬ 
cal Surveying ” .. .. 9, 27, 154 

Closed traverses .. .. .. 144 

Coast : 

Definition of .. .. .. 425 

Description of.422 

Marking of .248 

Views of .. .. .. 6,426 
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Coastal features, heights of.. .. 254 

Coastline : 

Plotting.252 

Records. 252, 253 

Shooting up, from boats... .. 252 

Coastlining : .. .. .. .. 248 

boards .248 

Instruments for .. .. .. 248 

Methods of, .. .. .. 249 

Coasting 252 

Shooting up, from boats .. 252 

Station pointer fixes .. .. 249 

Tachymetry .. .. .. 250 

Ten-foot pole.249 

300-foot wire.252 

Traverse .. .. .. 249 

use of air photographs for .. 254 

„ „ boats for .. .. 249,252 

,, „ level for .. .. 155,249 

,, ,, maps for .. .. .. 254 

" Cocked hat ” when plotting 171, 175 
Coefficient 

of expansion of steel tapes 9, 12, 13 
,, refraction .. .. .. 148 

Collector tracing .187 

Collimating marks on air photo¬ 
graphs .. .. .. .. 269 

CoUimation : 

error in levelling.157 

,, ,, sextant .. .. .. 210 

Horizontal .. .. .. 42 

Line of .. .. .. 42, 157 

Vertical.43 

Collimator magnet .. .. .. 432 

Collins point resection .. .. 116 

Colour printing of charts .. .. 455 

Colour washes on fair charts : .. 410 

Application of .. .. .. 411 

Colours used on fair charts .. 412 

Comfort of observer .. .. 53 

Comparison of 

Chronometers .. .. .. 327 

Steel tapes .. .. 12, 13 

Compass: .. .. .. .. 1 

Landing .. .. .. 429, 430 

Needle, declination of .. 429, 431 

Pocket .249 

Tubular. 29, 429 

use for fixing .. .. .. 390 

in coastlining .. .. .. 250 

,, plane tabling .. .. 260 

,, running surveys .. 392,402 

,, sketch surveys .. .. 396 

,, topography .. .. 258 

,, traverses .. .. .. 139 

Variation of .. .. .. 429 

Compasses, beam .. .. .. 169 

Compilation of survey from air 
photographs .. .. .. 281 

Components of tides 301, 3 


Computation of 
Azimuth .. 

Latitude 

Longitude 

Position 

Reverse azimuth .. 
Traverses .. 

Concentration, hydrogen-ioi 
Concrete pillars 


307, 308 


Conical orthomorphic projections .. 164 

,, projections .. .. .. 160 

Connection to land surveys 8, 57 

Consol method of obtaining position 387 
Constant of cone .. .. 160-164 

Constants, harmonic .. 300, 309 

" Construction of Charts, Tables 

for •’ 167 

Construction of plotting grid .. 170 

Contour intervals.262 

Contouring from air photographs 286, 288 
Contouring, methods employed for 262 
Contours : 

Instrumental .262 

in topography .. .. .. 257 

on fair chart .. .. .. 414 

,, published chart .. .. 448 

Submarine .. .. .. 197 

Control : 


for air photographs 

Triangulation 
Conventional projections 
Conventional signs .. 

Convergence of meridians : 89, 95, 

application in graduation 183, 
Conversion of Cassini into Trans- 
verse-Mercator co-ordinates 110. 
Conversion tables—Metres/Feet 
Cooke, Troughton and Sims 
Co-ordinate 
bearing 
distance 
meridian .. 

Co-ordinates : 

Cartesian rectangular 
Geographical 
Plane rectangular ; 
re-calculation of 
transferring to new point of 

use of, for plotting 
Rectangular spheroidal 
Sign conventions for 89, 94, 101, ) 
Transformation of 
use of, in intersection 
,, ,, ,, resection 

Copperplates : 

Alterations to 
Engraving 
Etching 

Coral, symbol for 
Correction 

Combined, for curvature and 
refraction 

for height of beacons and instru- 

for slope in traverses 
of Admiralty Pilots 
,, base measurement 
,, published chart 
,, sextant angles 1! 
Correspondence, want of, 
photographs 
Counter, Veeder 
Coxswain, running transits. 

Creek, definition of .. 

Cross lines of soundings 
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Index 

Cross-wires 

of level telescope .. .. 140,154 

,, theodolite telescope .. 34,42 

Currents .322 

description of, in Sailing Direc¬ 
tions ., .. .. .. 422 

Current logs (see “ Logships ”) .. 310 

Current meters : .. .. 310, 314 

Ekman .. .. .. .. 314 

Roberts radio .. .. .. 319 

Wollaston 316 

Current observations : .. .. 319 

Analysis of.323 

required.321 
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Origin ; 

False, of grid system .. .. 1 

of co-ordinate system 

Point of. 94, 1 

Ormonde beacon .. .. 133, 1 

Oropesa sweep ; .. .. .. 2 

Clearing from wreck .. .. 2 

Manoevring with sweep set .. 2 

Motor boats' .2 

Operation and management .. 2 

Preparation of gear for running 2 

Running the gear .. 2 

Tables for .. .. 240, 2 

Orthographic projection .. .. 1 

Orthomorphic projections 101,110, 

160, I 

Otters, multiplane kite .. 232, 2 

Overfalls, definition of .. .. 4 

Overlap 

of air photographs .. 267, 2 

,. fair charts .. .. .. 4 

,, navigational charts .. .. 4 

Short (of air photographs) .. 2 

Ox gall, use of .. .. .. 4 
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Paints for fair charts 
Panoramic photographs 
Pantograph .. 

Paper : 

Baryta 
Drawing ; .. 

Distortion of 


100. 478, 489, 494 


;s of . 


for echo sounding gear 
,, fair charts 
,, field boards 
,, new charts 
,, plotting sheets 
Tracing 
Transfer 

Waterproof printing 
Parabolic error : 

Determination of .. 
Parallax : 

Absolute stereoscopic 
Adjustment of telescope for 


158, 4 
176, 4 
158, 4 


Bar 


equation .. .. .. .. S 

Parallels (of latitude) ; 

Drawing of .. 181, 184, 1 

Standard .. 

Peaks, definition of .. 

Pelagic deposits 
Personal 
equation 


Perspective centre, internal 
Phase correction 
Photographs : 

Air, surveying from 
for sailing directions 
of lighthouses 
Panoramic 
Transmission of .. 

Photography, reduction by 
Pierce’s criterion 
Constants for 
Piers, symbol for 
Pillars, concrete 
PUots : 

Admiraltv (see " Admiralt^ 

Pilots ”) . 

Information concerning .. 

Plane table : .. 

Resecting position on 
Setting up and using 
Planning 

triangulation 
Plans (see " Charts ”) 

Plate-car6e projection 
Plotting and graduation 
Plotting 

by closely subdivided grid 
,, graphic resection 
,, long side 
coastline 

detail from air photographs 
from air photographs 
Four-point method of .. 
Modified Marriott method of . 
Radial line method of ., 21 

Importance of accuracy in 


PAGE 

Plotting 

main stations .. .. .. 172 

protraction of angles by chords.. 172 

secondary marks .. .. .. 176 

,, stations .. .. 175 

Plotting 

book .. .. .. .. 175 

instruments .. .. .. 169 

grid .. .. 158. 170, 177 

sheet: .. .. .. .. 158 

Care of .. .. .. .. 158 

Graduation of. .179 

table .158 

Plumb line :.325 

Deflection of .. 78, 325, 448 

Plumb point.282 

base line.282 

Point, definition of .. .. .. 425 

Point of origin .. .. 94,180 

Transferring co-ordinates from 

one point of origin to another.. 104 

Points : 

Arbitrary or assumed .. .. 413 

Intersected .. .. .. 105 

Trigonometrical (see " Stations ”) 122 

Polar regions, charts of .. .. 3 

Pole 

logships .. .. .. .. 310 

marks .127 

Ten-foot .. .. .. 143, 534 

Tide .304 

Polygons in triangulation : 57, 60 

Adjustment of .. .. 72, 76 

Portable 

Echo sounding gear . . .. 227 

Radio receiving set .. .. 334 

Range-finder .. 140, 249, 263 

Ports : 

Approaches to .. .. .. 424 

Definition of .. .. .. 426 

Description of .. .. .. 424 

Position : 

Definition of .. .. 3, 88, 93 

Geographical (see "Geographical 
Position ”) .. .. 5, 324 

Sea sights for .380 

Position lines.. .. .. .. 343 

Positions, astronomical, adjustment 
of triangulation between .. 78 

Predictions, tidal 236, 243, 308, 309 
Previously reported dangers .. 450 

Pricker .. .. .. .. 170 

Pricking through tracing .. 186, 410 

Principal point .. .. .. 269 

' base line . . .. .. .. 269 

Principles of surveying . . .. 2 

Printing : 

of charts .. .. . . .. 452 

in colour .. .. . . .. 455 

machines .. .. .. .. 453 

paper, waterproof .. .. 267 

Prismatic astrolabe : .. .. 336 

Computing observations of .. 343 

Description of .. .. .. 336 

Prism angle of .. . . 336, 346 

Programme of observations for .. 340 

Probable error 

of astrolabe observations .. 350 

,, theodolite observations .. 371 

,, triangulation .. .. 87,88 

Problems, surveying .. .. 388 
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Production of charts from surveys 
Programme, star 

for astrolabe observations 
„ azimuth observations 
,, theodolite observations 36 
Projections : 

Alber’s 

Cassini-Soldner 101, 160, 1 
Clarke's minimum error pt 


Conical 

Conical orthomorphic 
Conventional 
Cylindrical 

Gauss conformal .. 

Gnomonic .. 

Henry James (Sir) 

La Hire’s .. 

Lambert’s .. .. 1 

Mercator’s .. 3, 160, 1 

Orthographic 
Orthomorphic 
Plate-carr^e 
Polyconic .. 
Transverse-Mercator 101, 168, b 
Zenithal .. .. 3, 1 

Proofs : 

Dry (see " Dry proofs ”) 
of charts .. 

Proportional dividers, use in 
squaring up or down 
Protraction of angles by chords 
Protractor 

Published chart, correction of 
Pteropod ooze . 


q (p and r) .. .. .. 97, 496 

Quadrilaterals in triangulation 57. 60 
Adjustments of .. .. 65, 69 

Quadripod beacons .. .. 122. 127 

Quarantine regulations, description 


of 


424 


r (p and q). 97, 

Radar : 

use for base measurement 
,, ,, obtaining TJosition 386, 

388, 

,, in sketch surveys 
Radial line method of plotting 282, 

aids to navigation 
bearings 

current meter, Robert’s .. 
receiving set, portable 
signals. Admiralty list of.. 
time signals 
Radiolarian ooze 

Radius of curvature.. .. 89, 

Railways, symbol for 
Range of tide 
Range-finder ; 

use of, for base measurement 
,, ,, in detached surveys 

,, ,, ,, sketch surveys 

Range-finder, portable 
use of, in coastlining 
,, ,, ,, survey of a river 


Range-finder, portable 

use of, in tidal stream observa¬ 
tions .. .. 312 

use of, in topography .. .. 263 

,, ,, ,, traverses .. .. 140 

Rate of chronometers .. .. 326 

Ratio of ranges .308 

Reasons for levelling theodolite .. 38 

Receiver, echo sounding .. .. 219 

Reciprocal observations .. .. 149 

Reconnaissance photographs .. 267 

Recorder, echo sounding .. .. 219 

Recorders, depth .. 233, 236, 241 

Recording, method of 

horizontal angles .. 50, 51 

soundings .. .. .. 203, 226 

vertical angles .. .. .. 52 

Records : 

Coastline.253 

Necessity for complete .. .. 7 

Rectangular co-ordinates : .. .. 93 

Sign convention for 94, 101, 103 

Transferring to new point of origin 104 
Transformation into geographical 
co-ordinates .. .. .. 99 

Rectangular hyperbolas .. .. 291 

Rectangular spheroidal co-ordinates 95 
Form for computing .. .. 97 

Tables for computing .. .. 496 

Red clay .230 

Red mud .. .. .. .. 231 

Reduction by photography.. 257, 448 

Reduction of soundings : .. 227, 306 

Observations for .. .. .. 305 

Reduction to meridian .. 363, 504 

Reef, definition of.426 

Reefs, symbol for.414 

Re-establishment of chart datum .. 300 

Reference object (R.O.) .. .. x, 48 

Reference tape .. .. .. 9 

Refraction :. 53, 148 

Astronomical .. .. 335, 502 

and curvature, combined correc¬ 
tion for. 149, 497 

Coefficient of .148 

Terrestrial: .. .. .. 148 

Elimination of.382 

Rendering of triangulation data .. 120 

Repair facilities, description of .. 424 

Repetition method of observing hori¬ 
zontal angles .. .. .. 50 

Replacing broken diaphragm webs 47 
Reported dangers : 

Ih-eviously .. .. .. .. 450 

Searches for .402 

Representation of shape (of earth) 160 
Reproduction and printing of charts: 452 
Alterations on chart plates .. 455 

Colour printing .. .. .. 455 

Copperplate engraving .. .. 452 

Direct reproduction .. .. 454 

Etching .. .. 452 

Lithography .. .. 453 

Printing machines .. .. 453 

Steel coating .452 

Requirements of a hydrographic 
survey .. .. .. .. 5 

Resection:.113 

Collins point .. .. .. 116 

Fixing by .. .. .. .. 113 

Graphic, plotting by .. .. 179 
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Resection {Cont.) : 

on plane table .. . . .. 2 

Semi-graphic . . .. .. 1 

Residuals .. .. 87, 349, 3 

Reverse azimuth .. .. 88, 

Reversing 

thermometers .. . . .. 4 

water bottle .. .. .. 4 

R.G.S. system of transliteration .. 4 

Rhumb lines .. .. .. 3, 1 

Rhythmic time signals : .. .. 3 

Corrections for .. .. .. 5 

Errors of .. .. .. .. 3 

Rips, definition of .. .. .. 4 

Definition of .. .. .. 4 

Description of .. .. .. 4 

Establishment of datum in .. 3 

Representation of .. .. 4 

Survey of. 400, 4 

Roads, symbol for .. .. .. 4 

Roadstead, definition of .. .. 4 

Roberts radio current meter .. J 

on fair charts .. .. .. 4 

,, navigational charts .. ..A 

Sweeping for .. .. .. 5 

Symbol for.. . . .. . . 4 

Rods, driver .. .. .. 5 

Rotary-offset printing machine 453, 4 
Running survey .. .. .. 1 


of a 


Sag, correction of base measurement 


for 


Sailing Directions 

and Admiralty Pilots : .. .. 4 

Courses and bearings .. .. 4 

Description of seaports .. .. 4 

Detailed descriptioc of the coast 4 
Directions for harbours .. .. 4 

Geographical sequence .. .. 4 

Geographical terms .. 4 

General .. .. .. .. 4 

General description of the coast 4 
Nomenclature .. .. .. 4 

Order of writing .. .. .. 4 

Photographs .. .. .. 4 

Units of measurement .. ., 4 

Verification of Admiralty Pilots .. 4 

Views .. .. .. .. 4 

Salinity .. .. .. 26, 4 

Samples of the bottom 6, 216, 218, 

226, 2 

Sand 

Definition of .. .. .. 4 

Symbol for.. .. .. .. 4 

Sandbanks, erection of marks on .. 1 

Sandhills, symbol for .. .. 4 

Satellite stations (see " False 
stations . 

Scale; . 4, 8, 1 

choice of, for deep sea sounding 4 
, running surveys .. 3 

, sketch surveys .. 3 

, surveys .. 4, 9, 1 

, sweeping .. .. 5 

, topography sketches 5 


Natural 


8, 419, 446, 501 


Scale (Cont.): 
of plot 

on Mercator's projection 
Scale point .. 

Scales : 

Insertion of, on fair charts 
Metal 

Natural, Table of. 

Standard .. .. .. 4, 9, 

Scour in vicinity of obstructions 
Screw tide pole 

Sea bed . 

Sea bottom ; 

Nature of .. .. .. 6, 216, 

Samples of 6, 216, 218, 226, 

Sea horizon, dip of .. .. 152, 

Sea level, mean .. .. 299, 

Sea sights for position 
Seaports, description of 
Searches for dangers : 

by ships sounding in formation .. 
in deep water 
,, shallow water .. 
with aid of aircraft 
Searching for reported dangers 
Seaweed, symbol for 
Secondary 

stations 

Sedimentation, marine 
Selection of sites 

for base measurement 
,, magnetic observation spot .. 

,, observation spot 
,, stations and marks .. 5.57, 

Semi-diurnal tides .. 300,301, 

Semi-graphic 
intersection : 

by co-ordinate method 
resection .. 

Sextant 

angles, correction of 120, 207, 
395, 

elevations for height 

Errors of single observations with 

Observing . 

Sounding .. 

errors and adjustments of 

Stellar . 

use for determining geographical 
co-ordinates 

use for finding azimuth .. 

,, ,, ,, geographical posi- 


449 

229 


tion .361 

use for fixing position at sea .. 380 

,, in floating triangulation .. 83 

,, ,, topography .. .. 258 

,, ,, traverse .. .. .. 139 


Shading 

on fair chart .. .. . ■ 414 

,, navigational chart .. .. 449 

Shallow water 

effects .. .. 301,307,308 

Searches in .. .. .. 402 

Shape of the earth .. .. 160 

Sheaves, measuring: .. 218, 442 

Calibration of .. .. .. 445 

Sheet, fair (see “ Fair chart ”) .. 409 

Sheet, plotting .158 

Shingle, symbol for.414 
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Ship : 

Management, of when sounding.. 205 

,, >. .. sweeping 

237, 243 

Shooting up marks from .. 119 

Speed of, when sounding.. 198, 213 

,, ,, ,, sweeping 233, 

237, 240 . 

Use of, in triangulation .. . . 79 

Ship sounding: .. .. 201,205 

Deep sea.216 

in formation .. .. .. 405 

Ship stations .. 80, 119, 388, 397 

Shoals : 

Definition of . . . . .. 426 

Examination of 198, 199, 200, 390 
Soundings over .. .. 200, 449 

Shooting up 

coastline from boats .. .. 252 

marks from ship and boats .. 119 

Shore, definition of .. .. .. 425 

Shore horizon, dip of .. 153, 499 

Short overlap .. .. .. 274 

Shortrede’s tables .. .. 67, 89 

Side, long, plotting from .. .. 178 

Sides of triangles, lengths of 57, 

60, 62, 84 

Sights (see “ Astronomical Obser¬ 
vations ”) . . • ■ • • • • 324 

Sea, for position .. . . .. 380 

Sign conventions 

for geographical co-ordinates 89, 

101, 103 

for rectangular co-ordinates 94, 

101, 103 

Signal, Galton's sun (Heliostat) .. 135 

Signals : 

Luminous .. 123 

Surveying (see " Surveying 
marks ") .. . . .. 122 

jigns, conventional .. .. 412 

iiliceous oozes .. .. .. 230 

" Simple method of Surveying from 
Air Photographs (A) ” .. .. 267 

Single strip adjustment .. . . 276 

Site 

for base measurement .. . . 10 

,, magnetic observation spot .. 429 

,, observation spot .. .. 325 

Selection of, for stations 5, 57, 122 

for tide pole . 304 

,, triangulation stations .. 122 

Sizes of 

drawing paper .. .. 158,409 

fair charts.420 

navigational charts . . .. 446 

plotting sheets . 158 

tracing cloth . . .. .. 187 

tracings. 186, 420 

Sketch surveys .. 57, 79. 396 

Sketches 

for topography .. . . .. 264 

Necessity for .. . . .. 6 

Slope, correction for 

of base measurements .. .. 12 

,, tachymeter measurements 139, 

143, 500 

Solution of triangles.. 58, 60, 64, 65 

Somerville sounding 

gear .. .. .. .. 212 

winch, use o^, in deep sea sounding 218 
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Sound, definition of .. .. .. 426 

Sound, velocity of, in water 218, 222 

Sound ranging, sub-aqueous 25, 388, 390 

Sounding:. 5, 197 

Boat . 197, 201 

Deep sea .. .. .. .. 216 

Echo .218 

Fixed angle .208 

in formation .. .. .. 405 

Lines of .. 5, 197, 198, 205, 391 

Lengths of .198 

Direction of .. .. 198, 199 

Distance apart of .. 198, 403 

Management of ship and boats 
when .. .. .. • • 205 

Ship . 201, 205 

Sp^ whUst .. 198, 199, 202, 213 
Sounding 

boards .. .. 186, 200, 203 

book .203 

datum .. .. .. .. 227 

gear . . .. .. .. 212 

Somerville .212 

lead lines.212 

machines . . . . .. .. 214 

marks (see also " Surveying 

marks ”) • • • • • • • • 56 

sextant .210 

tracings .. . . .. . 203 

wire .214 

Soundings ; 

Density of .. .. 197, 199. 200, 403 

Fixing .. .. 197, 199, 206 

Inking in .. .. .. .. 203 

Method of showing on fair 

chart .. .. 412,414 

Method of showing on naviga¬ 
tional chart .. .. .. 448 

Reco-dmg .. .. 203,226 

Reduction of .227 

Selection of .448 

Tidal predictions for .. .. 308 

Specimen fair chart .. .. .. 420 

Specimens of the bottom 6, 216, 

218, 226, 229 

Speed of 

boat while sounding .. 199, 202 

,. ,, sweeping .. .. 241 

ship while sounding .. 198, 213 

,, sweeping 233, 237,240 
Spe^ of towing wire drag sweeps .. 245 

Spherical excess .. 22, 58, 107, 457 

Spheroid .160 

Spheroidal co-ordinates .. .. 95 

Form for computing .. .. 97 

Tables for computing .. .. 496 

Spider web .. .. .. 30, 47, 379 

Spirit levels 

of level .. .. .. .. 154 

,, theodolite .. .. .- 31 

Spit, definition of.426 

Split verticals .281 

Spring bow dividers .. .. 169 

Squares, least (see “Least Squares”) 

64, 347, 371 

Squaring down and up .. .. 256 

Stadia lines (wires) .. 140, 154, 260 

Staff, levelling .. .. 142, 154 

holder, points for attention .. 156 

Standard 

parallel.160 
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Standard 

ports .. .. .. .. 299 

scales . 4,9, 446 

tape .9, 12 

Stand-by-Stop method 332, 363, 

373, 380 

Star globe, use of.382 

Star programme for 

azimuth observations .. .. 373 

observations with astrolabe .. 340 

„ theodolite 361,364 
Starring (when sounding) .. .. 199 

Stars : 

Identification of .. .. .. 382 

Observations of twilight .. 381 

Selection of, for observations 340, 

361, 364, 373 

Stars : 

Circumpolar, selection of.. .. 377 

Twilight.381 

Station : 

Adjustment of angles at .. 64, 65 

Central, of polygon .. .. 72 

Station pointer : .. .. 206, 210 

Cust’s .212 

diagram.212 

Plotting by .. .. .. 179 

use of, for fixing .. 114, 210, 249 

Stations ; 

Description of .124 

False (or satellite) .. .. 53 

Fixing of .. .. .. 58, 79 

Main .. .. .. .. 56 

Plotting of .. .. 172,177 

Selection of sites for .. 57, 122 

Marking and description of 122, 447 
Plotting, by graphic resection .. 179 

Recovery of .. .. 125, 447 

Secondary .. .. .. .. 56 

Plotting of .176 

Selection of .. .. .. 122 

Ship .. .. 80,119,388,397 

Siting of .. .. .. 5, 56, 122 

Trigonometrical (Triangulation) 122 

Symbols for .414 

Steel coating of chart plates .. 452 

Steel tapes 

for base measurement .. .. 9 

use of in traverses .. . . 140 

Stellar sextant .380 

Stereoscope .. .. 270, 281, 286 

Stereoscopic 

fusion .. .. .. .. 270 

parallax, absolute .. .. 285 

Stones, sjnnbol for .. .. .. 414 

Straight edges .169 

Strait, definition of .. .. 426 

Streams ; 

Definition of .. .. .. 426 

Symbol for.414 

Tidal (see '' Tidal streams ") .. 309 

Styles of lettering .. .. 414 

Sub-aqueous sound ranging 25, 388, 390 
Subtended angles, table of .. .. 535 

Subtense methods in 

base measurement .. .. 17 

traverses .. .. .. .. 143 

Suitability of fixes.207 

Summits, symbol for .. .. 414 


Sun observations 

for azimuth .. .. .. 3‘ 

,, longitude .. .. .. 3i 

,, position at sea .. .. 3 

Sun signal, Galton’s .. .. 1 

Surface 

logships .. .. ,. .. 3 

marks .. .. .. 123, 1! 

" Survey Computations ” .. .. II 

Survey : 

Framework of .. .. 8, 57, 4^ 

of a river. 400, 4i 

Requirements of .. 

Surveying from air photographs .. 2i 
Adjustment of minor control plots 2 
Compilation .. .. .. 2; 

Contouring.. .. .. ..21 

Contouring within spot height 
control .. .. .. .. 21 

Detail plotting .. .. . . 2- 

Determination of heights.. .. 2 

Four-point method of plotting .. 2i 

Graphical triangulation .. .. 2 

Ground control .. .. . . 2i 

Height errors, summary of .. 2l 

Interpretation of detail .. .. 2 

Intersected points .. .. 2 

Minor control plotting .. 269, 2 

,, ,, points .. .. 2 

Modified Marriott method . . 2i 
Parallax bar ., ' .. .. 2 

Plotting—general .. .. 2i 

Preparation of photographs .. 2i 

Procedure preparatory to photo¬ 
graphy .2( 

Scale point.2' 

Short overlap .. .. .. 2' 

Tilt correction to height measure 
ments , .. .. .. .. 2l 

Triangle of error .. .. .. 2' 

Triangulation points near base 

line .2' 

Twin oblique photographs .. 2l 

Surveying 

marks (see " Marks ”) .. .. 1! 

out of sight of land .. .. 31 

problems .. .. .. . . 3( 

Surveyor, hydrographic, qualifica¬ 
tions of. 

Surveyor’s work. The 
Surveys: 

Combining new and old .. .. 4‘ 

connected to the land .. .. 31 

Detached 3! 

Graduation of, tables for.. .. 51 

Less detailed .. .. .. 3! 

of a river .. .. .. 400, 4( 

out of sight of land .. .. 31 

Running .. .. .. .. 3! 

Adjustment of .. .. .. 3i 

Sketch . 57, 79, 3! 

Suspension of magnetometer .. 41 

Swampy ground, representation of 4 

Sweep wires.21 

Sweeping ; .. .. .. .. 21 

for finding reported dangers .. 4( 

Drift . 2‘ 

in boats .. .. .. .. 2‘ 

,, ship .. .. .. .. 2‘ 

Necessity for 5, 197, 201, 232, 4( 
Speed whilst 233, 237, 240, 2‘ 
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Mark IV Oropesa (see " Oropesa 

Motor boats’ 

Wire drag : 

Speed of 

Swept areas, representation of 
Swinging ship for variation 
Symbols on fair charts 


Table, plotting .. .. .. 158 

Tables : 

Angular distance, corrections to 

XIX 549 

Astronomical refraction .. XII 502 
Chords of arcs, 0" to 60° XVIII 537 
Constants for Pierce's Criterion 

XXI 551 

Conversion of metres to feet 

XVII 536 

Dip of sea horizon .. VIII 498 

Dip of shore horizon .. IX 499 

Elements of the earth .. I 457 
Ex-meridian .. .. XIII 504 

Graduation of charts and surveys 

XIV 506 

Linear value in feet of 
p sin 1 and v sm 1 

Log P, Logo, rv 478 

Log „ ^ ,, 4va 489 

2 pv sm 1 ^vb 494 
Log l/6v* and log l/24v* , IV 477 
Natural scales expressed in inches 
to the mile .. .. XI 501 

Oropesa sweep, boats .. E 241 
„ „ Mark IV A to D 240 

Rhythmic time signals, correc¬ 
tions to.XX 550 

Slope in traverses, corrections to 

X 500 

Spherical excess .. .. II 457 

Spheroidal co-ordinates, values of 
p, q, and r .. .. VI 496 

Subtended angles .. XVI 535 

Temperatures measured in insu¬ 
lating water bottles, corrections 

to XXII 552 

Ten-foot pole .. .. XV 534 

Trigonometrical heights, values 
of “ K" .. .. VII 497 

Tables, Admiralty Tide .. 299, 301 

,, for the construction of charts 167 
,, Shortrede’s .. .. 67, 89 

Tachometer.224 

Tachymeter (see " Level ”) .. 140 

measurements .. .. .. 140 

Accuracy of .. .. .. 141 

Correction of .. .. 143, 500 

Maximum distance of .. 141 

Tachymetry : 

use in base measurement .. 17 

,, ,, coastlining.. .. .. 250 

,, ,, contouring .. .. .. 263 

,, ,, traverses .. .. .. 140 

Tapes : 

Standard.9, 12 

Steel . 9 

for base measurement .. .. 9 

,, traverse measurements .. 140 


Taut wire measuring gear : .. 18 

Accuracy of .. .. 24, 25 

Calibration of .. .. .. 25 

Description of . 18 

Examples of measurement with.. 21 

Method of using .. .. .. 20 


Use of .. .. 386, 388, 390, 392 

Taut wire traverse of beacons in 


transit .. .. .. .. 85 

Tavistock theodolite .. .. 27 

Telescope : 

Astrolabe .. .. .. .. 337 

CoUimation of .. 42, 157, 210 

Diaphragm of .. 30, 140, 379 

Level . 140, 154 

Sextant .. .. .. .. 210 

Tachymetric .. .. .. 140 

Theodolite .30 

focusing .. .. .. 34 

optical adjustment of .. 34 

Telescopic alidade .. .. .. 258 

Temperature 

correction to barometer heights 154 
,, ,, base measurement 11,12 


of sea water 

in sound ranging 
Observations of.. 

Corrections to 
Ten-foot pole.. 

measurements, accuracy of 

,, max. distance of 

tables 

use of, in coastlining 
,, ,, ,, survey of a river 

Tension of steel tapes 
Terminals of base 
Terrestrial refraction ; 

Elimination of 
Terriginous deposits .. 230, 231 

“ Text book of Topographical Sur¬ 
veying ”. 9, 27 

Theodolite 


axis . 29, 30, 

bubble tubes .. .. 31, 

cleaning and repairs 

face . 31, 


Horizontal collimation of 
Illumination of 
Levelling .. 

Reasons for 

Theory of .. .. 37, 

lower plate.. 

Methods of observing with 

horizontal angles .. 48, 

vertical angles. 

micrometers .. . . 27, 

adjustment of .. .. 34, 

Notes on observing with 
optical system 
adjustment of .. 

Setting up and levelling .. 
spirit levels .. .. 31, 

telescope .. 
focusing .. 
optical adjustment 
Times for observing with 
transit axis, dislevelment of 
tribrach 

trunnion axis .. .. 30, 

upper plate .. .. 29, 


37 

37 

47 

48 
42 


47 

50 

51 
34 
43 
53 
31 
34 

33 
37 
30 

34 
34 
53 
41 

29 
27 
37 

30 
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Theodolite (Cont.) 

vertical arm .. .. .. 30 

vertical collimation .. .. 43 

testing and elimination .. .. 45 

Theodolite, use of 

for coastlining .249 

,, determining geographical co¬ 
ordinates .. . • •. 325 

for levelling .157 

in topography .258 

Theodolite heights .. .. .. 147 

Theodolite observations 

for azimuth .. .. .. 372 

,, latitude .. .. .. 361 

,, longitude .. .. .. 364 

Theodolites : 

Description, adjustment and use 27 

Tavistock.27 

Transit.. .. 27 

Theory of levelling a theodolite 37, 39 
Thermometers : 

for steel tapes . 10 

Protected.440 

Reversing .. .. .. .. 445 

Three-hundred-foot wire .. .. 252 

Tidal 

curve •. .. • • 305, 307 

observations .. .. • • 305 

Analysis of .. .. 301,309 

for analysis and investigation 309 

,, reduction of soundings .. 305 

in sketch surveys .. .. 396 

Necessity for .. .. .. 6 

predictions .. .. • • 309 

reductions for soundings .. 227 

Tidal streams: ,.309 

Apparatus for observing .. 310 

Description in sailing directions.. 422 

Diurnal inequality in .. .. 322 

Methods of observing 311,312,319 
reference (on fair chart) .. .. 414 

Tidal stream observations ; 

Analysis of.. .. .. .. 323 

Necessity for .. .. .. 6 

required .. .. .. •. 321 

Tide gauge :. 301, 304 

Automatic .. .. .. 304 

Tide pole : .. .. 156, 300, 304 

Iron screw .. .. .. 304 

Selection of site for .. .. 304 

Telescopic 304 

Tide rips .. .. .. .. 6 

Symbol for 414 

Tide tables. Admiralty .. 299, 301 

Tides : 

Admiralty Manual of .. .. 299 

Diurnal component of 301,302, 

303, 307, 308 

Semi-diurnal .. 300,301,303 

Tides and Tidal Streams . ■ .. 299 

Tie points 268, 271, 273, 275, 278, 280 
Tiles for surveying marks .. 122,123 

Tilt correction to height measure- 


Tilt error . 

Tilt of air photographs 

Time . 

azimuth by star observations .. 

Description of, in Sailing direc- 


Time (Cont.) 
signals: 

Radio.332 

International (ONOGO) 332, 335 
Modified rhythmic .. .. 332 

Corrections to .. .. 550 

Errors of .. .. .. 334 

zone chart .. .. .. .. 309 

Times for observing with theodolite 53 
Tints on fair charts .. .. .. 411 

Title of fair chart.419 

Topographic base film .. .. 267 

Topography. 249, 255 

boards .. .. 186,258,264 

Contours and form lines .. 
from sketches 
in sketch surveys .. 

Methods used in hydrographic 
surveys .. 

Necessity for showing 
on fair c^rt 
,, navigational chart 
Requirements of hydrographic 
survey .. 

Work in the field .. 
use of air photographs for 
,, ,, existing maps for .. 

,, ,, level for 
,, ,, plane table for 
,, ,, sketches for 
Torsion of magnetometer suspen¬ 
sion .. .. .. 433, 434 

Total magnetic force, measurement 


of 


287 


Towers as surveying marks 123, 126 
Towns, mapping of .. .. .. 263 

Tracing 

cloth .187 

Distortion of.187 

paper .186 

use of, for graphic resection .. 179 

Tracings : 

Binding of.420 

Collector.187 

Examination .. .. .. 187 

Fair. 186, 410 

of objects controlling the survey 420 
Pricking through .. .. 186,410 

Sizes of . 186, 420 

Transmission of .. .. .. 420 

used in lieu of fair charts .. 420 

Tracks over bars, representation of 414 

Transceiver.227 

Transfer paper .. .. .. 411 

Transferring rectangular co-ordi¬ 
nates to new point of origin .. 104 

Transformation of co-ordinates ,. 99 

Transit, taut wire traverse of 

beacons in .. .. .. .■ 85 

Transit theodolites.27 

Transits, use of, when sounding .. 205 

Transliteration of foreign names .. 425 

Transmission of 

photographs .428 

tracings.420 

views .. .. .. .. 428 

Transmission line (e- ho sounding) .. 222 

Transmitter, echo sounding .. 219 

Transverse-Mercator 

co-ordinates, conversion from Cas¬ 
sini . 110, 477 
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Transverse-Mercator (Cont.) 

projection .. 98, 101, 168, 192, 196 

Traverse measurement .. .. 144 

Traverse table, use of when correct¬ 
ing for false station .. .. 55 

Traverses:.139 

Angular measurements ii 


144 


Computation and adjustment 
Graphic adjustment of .. .. zaz 

Hanging .. . .. .. 145 

Linear measurements in .. .. 139 

Open .145 

Procedure .. .. .. .. 144 

use of, in coastlining .. .. 249 

.. ,. ., river surveys .. .. 400 

,, ,, ,, topography .. 258,263 

Taut wire, of bacons in transit.. 85 

Tree clumps, use of, for marks .. 126 

Tree stumps, use of, for main 

stations.126 

Trees, s)nnbol for.414 

Triangle : 

Adjustment of.65 

Condition of .. .. .. 58 

Triangle of error 260, 272, 273, 394 

Triangles, lengths of sides 57, 60, 62, 84 
Triangular logship .. .. .. 312 

Triangulation : .. .. 4, 56, 57 

Adjustment of 64, 401 

Base extension .. "" 

Calculation of 
Computations used in 
Errors of .. 

Examples of main 
Fixing of stations in 
Floating 

Floating beacons in mair 
Graphical .. 
in river surveys .. 

Intersection in 
Irregular .. 

Latitude, longitude and reverse 
azimuth, calculation of 
Main stations 
of sketch surveys .. 

Planning .. 

Principles of 
Rectangular co-ordinates 
Resection in 
Secondary stations 
Shooting up marks from ship and 


Sounding marks .. 

Spheroidal co-ordinates 
Taut wire traverse of beacons in 

Triangulation data, returns of 
Triangulation points near base 
Triangulation stations (see 
“ Stations ”) 

Symbols for 
Tribrach 
of dip circle 


,, theodolite 
Trigonometrical 
data, supply of 


Trigonometrical 

heights, calculation of 
,, values of " K " 
interpolation .. 109, 112, 

points (see " Stations ”) .. 56, 

stations (see " Stations ”) 56, 

Trig, points in air photographs 275, 
278, 


Tripod 
of level 

,, magnetometer .. 

,, theodolite 
Tripod marks 

True bearing (see " Azimuth ”) 
True meridian 

to be shown on tracings . • 
Trunnion axis of theodolite 
Tube, driver 
Tubes, bubble 
of level 
,, theodolite 
TubuJar compass 
Turning points (of traverses) 
Twilight stars 
Twin oblique photographs 
Two strip adjustment 


127, 129 
372, 383 
7, 94, 414 


.. 154 

31, 37 
29, 429 
.. 139 


U.S. system of time signals .. 335 

Under-water dangers, finding by air 
photography .. .. .. 298 

Unifilar mag[netometer: .. .. 431 

Computation of experiments .. 434 

Deflection experiment .. .. 433 

Description of .. .. .. 431 

Moment of Inertia .. .. 435 

to find " H " .432 

,, ,, variation .. .. .. 435 

Torsion of suspension .. .. 434 

Vibration experiment .. .. 432 

Units of measurement in sailing 
directions .. .. .. .. 425 

Universal map, Mercator’s .. .. 1 

Upper plate of theodolite .. 29, 30 


Value to be accepted from theodolite 
observations for latitude and 

longitude.371 

Values, weighting 
for astronomical observations 348, 

349, 350, 371 

,, horizontal angles .. .. 74 

,, intersected positions .. 105 

Vancouver .. .. .. .. 1 

Variation, magnetic : 

Determination of, with magneto¬ 
meter .435 

Necessity for determination .. 6 

Observations for, at sea .. .. 430 

,, ,, onshore .. 429 

Veeder counter ,. .. .. 268 

Velocity of sound in water .. 218, 222 

Tables of (H.D. 282) .. .. 222 

Venus, observing by day .. 381, 382 

Vernier theodolites .. .. •. 27 

Vertex of conical projections .. 160 

Vertical angles: 

Determination of heights from 

147, 152, 153 

Measurement of .. .. 51, 53 
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Index 


Vertical 

arm of theodolite .. .. .. 30 

collimation of theodolite .. 43 

Testing and elimination of .. 45 

micrometers, dislevelment of line 

of zeros.43 

Vibration experiment .. .. 432 

Views .. .. 6,201,426 

Vigias .. .. .. .. 402 

Villages, mapping of .. .. 263 


Want of correspondence in air photo¬ 
graphs .. .. .. .. 2 

Washes, coloflr, on fair chart .. 4 

Application of .. .. .. 4 

Watches : 

Chronometer .3 

Deck .. .. .. .. 3 

Water bottle : 

Insulating .. .. .. 4 

Reversing .. .. .. .. 4 

Water line : 

High .. .. 6,248,249,4 

Symbol for .. .. .. 4 

Low .. .. 6, 248, 4 

Symbol for .. .. .. 4 

Water samples .. .. .. 4 

Waterproof printing paper .. .. 2 

Webs for diaphragms 
Replacing broken 
Weed (see also " Seaweed ’’) 

Weighting values for 

astronomical observations 348, 

349, 350, J 

horizontal angles 

intersected positions .. .. 1 

Weights .1 

Weir’s azimuth diagram .. .. J 

“ What star is it? ” .. .. J 

Whatman's 

drawing boards .. .. .. 1 

use for coastlining .. .. 2 

drawing paper .. .. .. 4 


Whitewash for surveying marks .. 129 

Winch : 

for Lucas sounding machine .. 214 

Oceanographical .. .. .. 442 

Somerville.. .. .. .. 213 

use of, for deep sea sounding .. 218 

Sweeping .. .. .. .. 233 

Wire : 

Float .. .. 233, 235, 240, 241 

for lead lines .. .. .. 212 

Kite .. .. 232, 240, 241 

Sounding. 213, 214 

Sweep . 232, 235 

Wire drag sweep .. .. .. 245 

Wireless (W/T) (see “ Radio ") 

Wollaston current meter .. . . 316 

Work, The surveyor’s .. .. 2 

World polyconic system of grid .. 190 

Wrecks : 

Clearing sweep from .. .. 239 

Necessity for locating .. ' .. 5 

Obtaining least water over .. 242 

by diving .. .. .. 232 

Sweeping for .. .. 232, 238 

Writing on fair chart 412, 414, 415 


x-axis of co-ordinates .. .. 94 

y-axis of co-ordinates .. .. 94 

Zenithal projections • •. 3, 160, 164 

Zero for theodolite angles (see also 
" Reference object ”) .. .. 49 

Zinc 

field boards .185 

printing plates .. .. .. 453 

Alterations to.455 

slabs, use for base measurement 10 

Zincs, enamel .. .. .. 454 

Alterations to .. .. .. 455 
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NORTH COAST 


SURVEYED BY-COMMANDER A.DAY,R.N. 

V tke officoTB of H.M. SURVEYING SHIP'ORMONDE' 1934. 


I^retniaFart ALttt..35?20115"5S’.,Xon.^. 33? 19'17?9E. 
NaturaZ SoaZe 2xXoo 
ConBpicu-OUfl Object 
exLxsL E oxt 


feet ipoo 






































. MBDITBItRANKAN 

CYPRUS-NORTH COAST 

M;ymienea 

SURVEYED I BY COMMANDER A. DAY RN. 

- Corrunajador' K.F BcicnJl. Lio\|fc«nouiit8 W M.RL«Bmore. H. J.C. Stokea, R.B.Terry, C.P’W MaxwKaJl, 
lant H.S. M-Dtavenport R»N. arxd Sxu-vejriirg Recoi-drara W Liovwj«y PO., B.Vitrd. PO. fe H.dnnniafJB A3. 

H. M. SU^IVEYING SHIP ORMONDE 

Maty arxd Jdne, 1934. 

Kyrenie Ford A - U JtiUxde 35"20' ISUsN., Longitude 33" 2d I7"9I B. 

Fvyvuf'M i^IU d. utk. MJW^8. 

so JNDINGS IN FATHOMS 

(un er •l*v*n,in fauthoms fe«^) 

Soxxrvtivrxgm a ^ K9<luxicd> to 6‘B fkot> bel<n\^ <!✓ ouX' 
n«ci/" thj 0 top c huxThesu-r %^/xxll/ o^oee northMirj^yd^ of 
t/v© vnmKor^ a uL of tKo CTfAatorru.Ho a . ae pior- or H’l fwt 
bolovi/^ OL TjC- cct ' orv t/ve aocctA^ eaa6 oor-rverof tKo CuMam. 

Hotxae >r ci^oproacimxtte^ Zy. TVT 


MEMOIR 


ThiJia ahxLrt' huOLm fccerb- cjon/etbrujcixxL’ froirhf th^C' 'ThicLrvgu.L<xti<^n^ of tA>e- of Cyj>r\Juo 1013 ~14-. 

See Original- Doc-ivmenb F.43. “Cyprvua. Ljatituudben, Lort^udes and- co-ordincfi-ea of StaHono 
of thje- Major ThvangouLcLtLon" | 

KyrenUu Bbrt A Latitud-o 36' 20' 1S"-4SN, fjongitud-e 33' 20'\ 17^91 E, dje-pending an th-o Jhint- of 
Origin of th-o Sourre^ of Cyprus (g-v) being in Liai>. OO' OCtN. Liong. 33“ 20' 00"E. 

See €ilao Rebum-a of GeographA-oaly Fbeition, Fbunvagu-atn 1931, 3.-4, 6 O of 1932 andU 

Sic e of 1934- and- oornrnunioaJtiion l/37’/jl of No\-. 1934-. 

The chart- and- ite graduation tverct pLotbecL J>y rectxxhguLar oo-ordAnatea in aacordanoe 
vrith- H.D 234. \ 


The detail- of the topography ie from- Gyprue 3urvoy IS” to eo mile mapta, the aentauring 
hoeing been- ahetehed- Cri, on- the ground- by pde me toMe. 

No tidal- obaerrajtion-a were made other than ■4G ho xra conhm-t-coue tide pole rea-db- 
inga to eatahliah a- Local- aounding daJyu-m. 

No tidal- atrea-m- obaervatlone ware made. 


Object 


cbert conepicu.o'ua to tLe natviga-tor- 
Kyraaia, Fort 


No special current ohserva-tiorvs were made. 

. The nature- of the bottom- in- anohorage- watera of frorrO 6 to 16 fathome ia rrvud- with 
weed- cuffordUng good- hoLdJng ground--. 



























































